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A. STUDY  OF  ACCOMPLISHMENTS  IN 
THE  SELECTION  OF  DAM  TYPES  FOR 
HIGH  DAM  PIVOT  PROJECTS  AND  EXPANSION 
OF  DAM  TYPES  DURING  THE  LAST  TEN  YEARS 


[This  is  a  full  translation  of  an  article  written  by 
Nieh  Chen-wei  appearing  in  Shui-li  Shui-tien  Chlen-she, 
(Water  Conservancy  and  Hydrbelectrle  Construction),  No 
17,  11  September  1959,  pages  7-15 •]  v;  - 

Our  obilntry  has  been  undergoing  rehabilitation  for  ten 
ydahsi  During  these  last  ten  years  we  have  attained  a 
great  level  of  accomplishment  in  the  plannitig  and  cons¬ 
truction  of  high  dams*  We  owe  such  accomplishment  to  the 
uhdeviating  guidance  of  our  Party,  to  the  enthusiastic 
assistance  of  experts  from  the  UcS,S„Rc. ,  and  to  the  unJ 
relenting  efforts  made  by  the  workers  who  were  engaged  in 
irrigation  and  hydro-electric  power  work. 

Among  those  dams  on  which  planning  has  been  developed 
and  construction  has  been  gotten  underway,  there  are 
several  vitally  important  ones.  They  are  the  gravity 
dams  on  the  Hsin-an  Chiang  and  at  Llu-chia-hsia;  the 
buttress  dams  at  Pal  Shan,  Hu an- Jen  and  Hsin-feng  Chiang; 
the  arch  dams  at  Hsiang -hun-tien  and  Liu  Ch'i  Ho;  and  the 
earth  fill  dams  at  Mao-Chi'-- ts  'un  and  Sung-t’uo).  The 
heights  of  these  dams  are  over  70  to  80  meters,  and  some 
of  them  are  even  above  100  meters,, 

Despite  the  fact  that  we  haven’t  much  practice  in  the 
building  of  rock  fill  dams,  we  have  constructed  one  located 
at  Shih-tzu-t ’an.  Its  height  is  about  50  meters.  Through 
the  stages  of  planning,. construction  and  operation  of 
various  types  of  dams,  the  experience  we  have  accumulated 
are  extensive  and  invaluable. 

Inasmuch  as  we  are  still  planning  and  will  continue  to 
plan  dam  projects  of  70  .to  80  meters  and  even  over  100 
meters  in  height,  we  must  study  the  unsurpassable  ways 
that  have  been  used  to  select  the  appropriate  types  in  the 
past.  Such  research  work  is  a  task  of  paramount  impor¬ 
tance. 
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In  celebrating  the  Tenth  Anniversary  of  the  People  a 
Republic  of  China,  this  article  discusses  the  basic 
achievement  and  practice  in  .the  selection  of  dani  types 
durihg  tjie  last  decade*.  Emphasis  is  placed'  on;  the.  high 
dam.  projects . .  „  iath.  regard  to  the  future  trend  of  dani  . 
types  to.be  constructed  in  our  country,  some  suggestions 
are"  based!  on  the  aspects  of  their  safety  and  economy,  as 
well  as  on  the  types  pf  dams  constructed  elsewhere  in  the 
world.'  ■.  * '• 

A.  Our  Main  Accomplishments  in  the  Selection  of  Dam 
Types  for  High  Dam  Pivot  Projects 

Technically  speaking,:  the. major  features  in  the  selec¬ 
tion,  of  lour  .dam  types  may  be  summarised  as  follows  t 

1*  The  types  we  have  selected  are  varied :  Accord;ittgj;. 
to  incomplete  statistics  from  recent  years,  the  number 
of  dams  which  are  in  planning  or  construction  stages  .is 
24.  They  are  all  above  75  meters  high  '(including ' those  . 
on  Which  construction  has  been  under  way  for  a  fairly 
long  time?  and  those  projects-  which  have  been,  only  funda¬ 
mentally  approved ) .  :  ^ 

Among  these.  24  dams,  the:  number  of  gravity  dams  is  f;-- 
ftlne,  arch  dains  five*  buttress  :dstiiB  six*  rock  i ■■ 
and  earth  fill  three.  Some  of  these  have  already;  reached 
the1  operating  stage,'  The  summarized  results  oh  the  per¬ 
formance  in  the  operation  show  that  most  of  the  selected, 
types  are  suitable.  Repeated  discussions  and  investi- ' 
gations  during  the  planning  or  construction  period  of 
the  nth ers  have  also  verif led  that  generally  they  were , .  . 
appropriately  selected,  •  -  v' 

Our  .country  covers  a  great  area  and  includes  compli¬ 
cated  variations  -in  the  conditions  provided  by  the  nature* 
The.  selection  o.f  dam  types  should  be  principally  based  on 
the' physical  and  natural  characteristics  of  the  dam  sites. 
Not,  only  have  we  fitted  our  plans  to  the  geographical 
characteristics  of  the  locality  concerned,  but  also  our 
plans  have . proceeded  in  accordance  with  the  climatic 
conditions  of.  the  seasons.  Our  work  during  the  selection 
period  Is,  therefore,  recognized  as  of  baBic  value  toward 
the  fulfillment  of  the  fundamental  principles,  ,  . 
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2.  There  has  been  a  gi'eat  development  In  buttress  type 
dams:  Many  indications  show  that  they  have  reached  the 
same  level  as  that  of  the  advanced  nations.  Some  gravity 
counter-fort  types  constitute  a  relatively  common  class 
among  our  high  dams*  Among  these,  some  are  completed 
while  others  are  still  under  construction.  The  dams 
located  on  the  Hsln-feng  Qhiahg*  at  Huan-jen  and  on  the 
Che  Ch'i  all  belong  to  thii  category.  They  are  over  100 
meters  high*  3ut  the  height  of  another  dam,  that  at  Mo- 
tzu-t san  is  only  80  meters* 

Besides  these  dams,  a  multiple-arch  one  has  been  con¬ 
structed  at  Mei  Shan.  Its  height  of  88*24  meters  is  un¬ 
usual  even  in  foreign  countries.  Through  the  construc¬ 
tion  and  operation  of  this  multiple-ar&ch  type  we  have 
gained  in  our  knowledge  of  its  merits  as  well  its  draw¬ 
backs.  . 

3.  The  Open-slot  type  of  gravity  dam  has  been  adopted 
as  a  substitute  for  the  regular  gravity  type:  The  105 
meter  dam  on  the  Hsin-an  Chiang,  the  110  meter  dam  at 
Tan-c hi ang-k ' ou ,  the  140  meter  dam  at  Liu-chia-hsia  and 
the  165  meter  cross -river-channel  dam  of  the  Pai  Shan 
hydro-electric  power  plant  are  all  open-slot  gravity  dams. 
So  far  as  the  guiding  of  the  discharge  and  the  passing  of 
flood  water  are  concerned,  this  open-slot  type  has  the 
same  merits  as  the  regular  one*  As  for  economy,  the  con¬ 
crete  used  can  be  reduced  by  approximately  10  percent  in 
the  open-slot  type. 

4.  There  has  been  a  special  development  in  projects 
involving  overflow  dams:  When  the  dam  site  is  in  a 
narrow  canyon  or  when  the  stream  capacity  is  very  great, 
there  can  be  many  difficulties  encountered  in  the  problem 
of  overflow  or  in  the  method  of  arranging  a  pivot  system. 
The  light  type  of  overflow  dam  or  a  combination  type  con¬ 
sisting  of  an  overflow  dam  with  a  powerhouse  has  been 
adopted  to  solve  such  problems.  For  instance,  the  78  meter 
dam  on  the  Liu-ch?i  Ho  passes  the  overflow  over  its  top 
and  carries  it.  away  through  bucket  [canals  or  channels?] 

It  had  been  subjected  to  a  flood  test  for  the  first  time 
this  year.  The  67  meter  dam  at  Shang-yu,  which  has  an 
und erground  type  of  powerhouse  [enclosed  within  the  dam] 
has  been  satisfactorily  operated  ever  since  it  was  com¬ 
pletely. 


The  dams  of  the  power  stations  located  on  the  Hsin-an 
Chlang,  the  Chien  Ch5i  and  in  Chao-p’ing  are  all  above 
100  meters  high,  Plood'waters  flow  over  the  tops  of  the 
powerhouses.  Their  overflow  capacity  is  above  10,000 
cubic  “meters  per  second,  while'  that  of  France's  largest 
dam,  Chastang,  has  an  pyerflow  capacity  of  only’ 4,000 
cubic-meters  per  second 

The  buttress  dams  in  Huan- J en-hs i  en »  on  the  Hsln-feng 
Chiang  and  on  the  Che  tih*i  also  permit  flood  waters  to 
pass  oyer  the  tops  of  the.  dams.  Their  overflow  capacity 
per  unit  of  width  is  relatively  large.  This  is  especially 
true  of  the  Huan-j en-hs ien  dam,  which  has  an  overflow 
capacity  per  unit  of  width  of  60  cubic-meters  per  second. 
Such  a  record  has  not  thus  far*  been  seen  in  any  other 
country* 

Since  we  have  adopted  various  types  of  dams,  we  have 
accumulated,  step  by  step,  varied  experience  through  the 
planning  of  projects,  the  construction  work  and  finally 
the  Operation.  And,  we  have  trained  many  teams  to  do 
surveying,  designing,  constructing  and  scientific  study 
tasks.  These  experiences  and  these  teams  will  contribute 
to  future  progress  in  the  building  of  dams. 


Bo  Basic  Experiences  in  the  Selection  Work  of  Our  Dam 
Types 

Through  several  years  of  praotice,  our  country  has 
gained  very  much  experience  in  selecting  dam  types. 


1*  Basic  information  is  well  prepared.  Reliable 
foundations  underlie  our  selection  of  dam  types:  This  is 
really  a  principal  experience  of  great  importance.  Such 
experience,  however,  was  only  obtained  by  learning  through 
errors.  For  instance,  in  one  location,  only  by  basing  our 
decision  on  superficial  topographic  characteristics  and 
a  few  abstract  assumptions  of  its  superiority  over  others 
did  we  decide  to  use  it  as  a  site  for  an  arch  dam. 

In  fact,  the  geological  data  affecting  the  dam  founda¬ 
tion  and  the  base  areas  for  the  abutments  on  both  ends 
were  not  clearly  explored.  When  the  construction  was 
started  we  found  out  the  geological  conditions  were  un- 
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satisfactory#  Hence,  we  had  to  restudy  the  situation  and 
change  the. type  of  daw.  As  a  result*  the  project  as  well  as 
the  construction  work  was-' compelled  to  come  to  a  passive 
halt. 

Another  instance  occurred  when  some  designers  recom¬ 
mended  a. project  of  erecting  a  rock  fill  dam  with  slab 
cores..  But  .  the  -quality  and  the  quantity  of  the  slabs 
were  not1  thoroughly,  investigated.  .  'Spme^  people  elected 
to  make  use  of  materials  available  near  the  site.  But 
they  were  prompted  too  much  by  their ,own  wishful  thinking 
about  the  specified  materials,  and  not  by  an  adequate' 
analysis  of  the  possible  supplies.  As  a  result,  these 
dams  were  not  as  strong  as  we  planned  and  a  serious  situ¬ 
ation  subsequently  arose  during  the  flood  season# 

In  some  oases,  It  Was  apparent  that,  suitable  materials 
were;  •available  near  the  locality  concerned  but  careless 
explorers  reported:  that  they  were  not.  Consequently, 
the  selection  of  the.  dam  'type  was  affected  when  compari-  : 
son  between  the  different  projects  was  made* 

Therefore ,  all  studied  and  all  comparisons  can  be  made 
accurate  only  if  the  basic  information  oh  which  they 
are  based  is  accurate  and  reliable* 


2*  Natural  data  at  the  dam  sites  are  fully  considered i 
The  advantage  of  'a  'pertain  type  of  dam  can  be. maximized 
and  its  disadvantage  carl  be  minimized  if  the  selection  of 
the  dam  type  is  based  on  the  geologic,  topographic,  hydro- 
logic  and.  climatic  conditions  of  the  dam  site#  For  in¬ 
stance.,  the  advantage  of  an  arch  dam  can  be  fully  developed 
in  respect  of  its  safety  and  stability,  only  if  it3  width 
is  in  an  appropriate  proportion,  to  , its  height  and  its 
geological  conditions  are  sufficiently  favorable, 

‘  Again,  if  the  dam  location  is'  in  a  narrow  gorge  and  •< 
the  capacity, of  the  stream  is  tremendous,  the  weakness 
of  the  light  type  of  dam  or  the  dam  built  of  local  mate¬ 
rials  will  be  immediately  brought  to  light.  The  crucial 
point  is  connected  with  guiding  the  stream  and  discharg¬ 
ing  -flood  waters.  ;  > 

Conditions  of  extreme  cold  adversly  affect  dams, 
particularly  the  thin  buttress  type. 
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Opinions  are  often  at  great  variance  on  these  problems 
during  the  3tudy  of  a  basic  project,  >ihen  the  strength 
and  size  of  a  dam  foundation  comes  up  for  discussion,  it 
might  be  discussed  according  to  the  order  of  the  types: 
arch,  buttress,  gravity,  rock-fill  and  earth-fill;  and 
the  demands  for  these  respective  types  can  be  lessened 
little  by  little.  In  this  way,  the  different  views  can 
be  made  more  Unanimous.  However,  disagreement  always 
arises  when  the  real  value  of  a  given  site  comes  up  for 
appraisal* 

,  ‘  *  .  ‘  .  .  J  •+  •  ,  •  * 

Therefore,  in  the  study  of  dam  problems,  a  correct 
■  conclusion  can  be  reached  only  through  a  thoroughful  com¬ 
parative  study.  Not  only  should  the  dam  site  be  con-  • 
sidered  during  selection  of  the  type  Of  dam,  .but  also 
consideration  should  be  given  to  the  type  before  the 
selection  is  made*  A  more  rational  project  can  thus  be 
obtaitied*  ■: 

3*  The  dam  types  are  studied,  starting  with  the  con¬ 
ditions  needed  for  the  entire  pivot  arrangement:  Because 
the  pivot  arrangement  is  closely  related  to  the  topography, 
geology  and  hydrology  of  the  locality .concerned,  these 
several  items  should  be  considered  altogether  during  the 
study  of  a  dam  type.  For  Instance,  if  the  type  selected 
would  not  allow  the  overflow  of  the  stream  to  pass  through 
the  body  of  the  dam,  the  solution  of  the  problem  of  how 
to  handle  the  overflow  would  be  quite  difficult. 

However,  if  there  is  a  suitable  gap  in  the  vicinity  of 
tho  dam  site,  which  could  be  used  as  a  passage  to  dis¬ 
charge  flood  waters,  then  the  solution  would  be  easier* 
Otherwise,  the  ditches  and  tunnels  as  well  as  the  con¬ 
duits  underneath  the  dam  must  be  considered .  The  extra 
materials  (steel,  cement  and  explosives )required  for  con¬ 
struction  would  add  to  the  cost*  Probably,  the  costs  of 
the  added  items  could  not  be  off  set  by  the  savings  rea¬ 
lized  on  the  dam  itself* 

If  a  dam  built  of  locally  obtained  material  is  decided 
upon,  the  arrangement  for  installation  of  it  power  unit 
will  increase  the  Investment  and  increase  the  loss  of  the 
water-head,  no  matter  if  the  conduits  are  installed  under¬ 
neath  the  dam  or  a  separate  tunnel  is  opened. 

The  problem  of  navigation  also  sometimes  affects  the 
selection  of  the  type  of  dam* 
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«  4;,  The  conditions  -required  for  the  construct  ion  of  • 
various  types  of  dams  must  ;be-  thoroughly  studied  so;  that 
the  construction  of. 'any  3 elected  type1  can  be  realized:'  ■  v 
In  making-  studies  to  elect  a; 4s ert aln  ty  be  b  f  dam,  the  con¬ 
ditions  which,  determine  the  feasibility  of  the  project 
should  be  fully  considered*  .:The;  manner  of :  guiding  'the 
streamf low,  the  .rapidity  of  the- const  met  ion'  process,  the 
arrangement  of • the  area  slated  for  construction  work,  the 
materials  used,  the  labor  required*'  the  way  of  supplying 
the  equipment  necessary  for  construction  and  the  water  level 
during  construction  are  all  main  features#  They  are  also 
main  factors;  which  determine  the  realization  of  the  require¬ 
ments-  stipulated  in  the  planning  of  a  certain  type  of  the 
dam*  These  factors  should  not  be  overlooked. 

5*  Under. favorable  conditions*  preference  is  given  to 
dams  built  With  locally  available  materials 5  Based  upon  '  ' 
a  sound  technical  basis,  attention  should  be  paid  to  the 
economy  of  using  either  steel,  cement  or  other  materials* 
This  should  be  a  pertnanent  rule- fbr  those  who  are  engaged 
in  irrigation  and  hydro -elec trie ‘  power-  work  to  abld e  by.  . . 

in  view  of  the  fact,  that  the  natiortrwide  basic .recon¬ 
struction  at  present  is  so  swiftly  expanding  that -the 
materials  for  construction  purposes  are •  not •  phoduc ed  as 
rapidly  enough  to  meet  the  demand ,  it  is  of  great  signl- 
ficance  that  dams  be  built  with  local  •resources «  In 
addition,  some. other  important  reasons  fob  the  adoption  of 
building  dams  with  locally  available  material  are  as 

follows:;  ^:-  ; ;  V  ' 

(a)  Colossal  /concrete  dams  need  many  .hundred-thousand 
tons  of  cement • shipped  from  areas  removed  from  the  dam 
locations*  This  add s  a  serious  burden  to  transportation  - 
facilities*  -  The  present  construction  work  on  the  trunk 
lines  of  new  railways  is  so  overwhelming  that  it  ,is  im¬ 
practicable  to  build  a  special'  road  for  the  exclusive  use 
of  hydro-electric  stations*  Transportation  of  materials 
by  trucks  does  not  always  satisfactorily  meet  the  construc¬ 
tion  needs*  :  1  <■  ’ 

(b.)  In  our  vast  country,  many  regions  possess^ some  good 
locations  for-  building  hydro-electric  plants,  -but  gbod 
materials  which,  can  be  •used  as  aggregates  with  the  con-  -  ■ 
crete  are  not  available  because  of  the  special  character¬ 
istics:  of:  t.hei  rocks  in  those  areas*  /-  (For  Instance,  some  . 
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places  In  southwest  China  have  only  limestone  in  abundance). 
But,  the  difficulty  in  pbtainipg  the  necessary  construe*  ; 
tion  materials  can  be  overcome,  only  by  constructing  dams 
with  locally  available  material i 

.‘(e  j  In  some  places,  the,  conditions  of  the  hydrologic 
resources  are  favorable  but  the  geology  of  the  foundation 
is  not  satisfactory  enough  to  erect  concrete  dams. 

(d )  Although  we  have  accumulated  certain  experiences  in 
the  piahning  and  building  of  high  concrete  dams j  we  haven’t 
enough  practice  in. the  design  and  construction  of  high;  . 
dams  built  of  locally  available  materials  (especially  rock 
fill  dams ) . -  For  the  sake  of  future  development ,  we  must 
try  to  gain  experience  in  building  dams  of  this  sort* 

\  >  ■■ j  ' [  .  *  t r  *  i  :  *'  ’  "  \ 

For  the  reasons  mentioned  above  and  so  long  as  the  con- 
ditions  are  flavor  able,  it  will  be  preferably  if  we  con¬ 
struct  dams'  from  locally  available  materials  even  If  the 
costs  are  a  little  higher. 

6.  "New  types  of  dams  are  progressively  and  carefully 
studied  and  adopted:  We  have  displayed  great  performance 
in  this  respect.  The  dam  at  Shang-yurhsien  which  includes 
a  powerhouse  and  the  dam  at  Hsin-an-chiang  which  allows 
overflow  caused  by  flooding  to  spill  over  the  top  are,  in 
a  sense,  new  types.  We  use  four  Words:  numerous, -rapid, 
good  and  economical  as  principles  to  guide  the’  building 
of  our  irrigation  and  hydro-electric  plants i  We  should 
collect  all  relavent  facts  from  all  the  dam  locations  as 
references  in  order  to  proceed  with  our  study  and  to  create 
new  types  of  dams. 

The  above-mentioned  points  merely  represent  my  personal 
superficial  knowledge  about  the  selection  of  our  dam  types. 
Naturally,  my  knowledge  is  far  from  sufficient  to  encom¬ 
pass  the  wealth  of  the  experiences  our  country  has  ac¬ 
quired.  However,  the  practices  have  given  corroborative 
evidence  that  the  several  points  of  experience  noted  under¬ 
lie  great  guidance  for  the  future  selection  of  dam  types. 1  ; 


C.  Safety  and  Economy  of  Various  Dam  Types 

During  the  laBt  two  years,  a  variety  of  opinions  have 
entered  into  the  discussion  about  the  trend  of  future 
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development  of  dam  types  to  be  utilized  In  our  country. 

This  question  represents  a  fundamental  understanding  which 
will  greatly  Influence  pur  ability  of  deciding  on  the 
specific  types  of  dame  to  be;  Constructed .  I,  therefore, 
have  proceeded  to  study  the  trend  of  future  development. 
This  study  Is  based  on  my,  joerson^l  views  and  starts  with 
a  discussion  of  the  advantages  as  well  as  the  disadvantages 
of  the  Various  types  of  dams  with  respect  to  their  safety 
and  economy.  ' 

1.  The  matter  of  economy :  The  matter  of  economy  Is 
reflected  first  by  the  cost  of  erecting  a  dam.  The  unit 
costs  of  construction  which  chiefly  govern  the  costs  of 
erecting  a  dam  vary  with  the  level  of  the  industrial  de¬ 
velopment  of  the  different  countries.  In  the  United 
States,  for  lnstanoe,  mechanized  equipment  is  utilized 
in  the  construction  work  and  therefore,  they  like  to 
erect  large-sized  dams  in  that  country.  The  unit  cost  of 
construction  can  be  lowered  despite  the  fact  that  the  size 
of  the  dam  is  increased.  In  terms  of  total  cost,  it  is 
still  economical. 

The  Kuo-hsing-neng  Dam  In  Switzerland  was  originally 
planned  to  be  a  concrete  gravity  dam.  But  after  large 
American  machinery  for  construction  use  were  Imported  by 
Switzerland,  the  cost  of  constructing  an  earth  filled  dam 
was  apparently  reduced. 

As  a  result,  an  earth  dam  was  then  substituted  for 
the  concrete  one.  The  situation  in  some  countries  in 
western  Europe,  like  France,  is  quite  different.  The 
unit  cost  of  construction  of  an  arch  concrete  dam  in 
France  is  15  percent  higher  than  that  of  a  gravity  one. 

But  the  volume  of  the  concrete  part  of  the  dam  can  be 
reduced  by  about  30  to  60  percent.  Therefore,  the  cost  of 
building  an  arch  dam  is  generally  40  to  70  percent  of  that 
needed  for  building  a  gravity  d;am  of  the  same  size. 

So  far  as  our  country  is  concerned,  there  is  no  com¬ 
plete  and  reliable  information  about  such  unit  costs  of 
construction.  Recently,  while  we  adopted  approved  esti¬ 
mates  and  new  unit  costs  of  construction  in  some  high  dam 
projects,  they  will  have  to  be  revised  during  the  process 
of  construction. 
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: ;The  cost  of  the  dam  proper  alone  does  not  fully  repre¬ 
sent  the  total  cost.  The  influence  of  a  dam  type  on  the 
pivot  arrangement  it  requires  Should  -be; taken  into  con*? .  , 
sideration.  :  A  comparison  'should  ’be  made  between  the  *  total 
cost  of  . the  ent ire  pivot  and  the  cond  it ion#  required  dpr-  • 
ing  Its  operation*  "  •  ’’ iv •, 

The  method  of  discharging  flood  waters  and  the  arrange-'  ’ 
ment  of;,  a  power-house  structure  are  always  main  factors  i 
which*  determine  the ’  cost  Of  a  certain  type  of  dam*  ,  These  ;  .,  > 
factors  depend  greatly'  upon  the  topographic  and  geologic 
conditions.  If,  in  the  vinoinity  of  the  dam,*  a  suitable  « 
place  can  be  used  to  erect  a  water  outlet  structure*,  the.  ,  , 
problem  Of  disposing  of  flood  waters  would  hot  present  l 
an  obstacle  to  constructing  light  type- of  dams  or  dams 
built  from  locally  available  material*  : 

i-, .  ...  ,  ■  ■  ■  •  ■ 

In  the  diversion  embankment  type  of  a  power  station* 
the  iQcatlon^pf  the  powerhonse^is  always  unfavorable. to 
the  kind  of  dam  built  of  materials  obtained  from  local 
sources. But  it  doesn't  affedt-thedamrUnfavorably  if  the  . 
station  Is.  of  a  multiple-purpose  type*  : 

The  speed  with  which  various  dam  types . can  be  built  .■ 
is  another  thing  which  should  be  considered  in  discussing 
costs;  for  the  more  quickly  a  dam  can  be  built  the  sooner 
it  will  satisfy  the  economical  demands  of ;  the  people., . 

Great.,  benefits  in  -terms  of  economy  can  be  derived  from  .... 
speedy  construction.  ,  Some  countries  have  paid  ho  heed  to 
this  matter.,  Fpr  example*  Switzerland  took  nine  years  to 
build  MorWa-shhg' "arch  dam,  and  six  years  to.  build  JKuo-  . 
hslng-nehg  earth  dam.  The  principles  used  for  the  cons-  .  t 
truction  of  the  dams  in  our  country  are:  numerous,  rapid, 
good  and  economical •  j  *•  :•  • Q;: 

Economies  in  construction  should  be  established  upph  a  ; 
practicable  basis. 1  Besides  technical  conditions  the  mate- ' 
rials  used  for  construction^  such  as: steel*  cement,  tim¬ 
ber  and  dynamite,  ;  the  preparatory  arrangements  for  coo-  : 
struct ion  and  the  labor  resources  should  be  fully  con-  ; 
sidered.  .  •  :  - 

In  summary,  in  weighing  the  economy  of  building’  a  per¬ 
tain  typh  of  dam*  not  only  should  the  dam  itself* be  con¬ 
sidered*  .but'  it  is  also  necessary  to  consider  the  struc¬ 
tures  associated  with  the  dam.  That  is, ;  not  only  .should 
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the  coat  of  erecting  a  dam  be  considered;  it  is  also  neces¬ 
sary  to  consider  the  time  required  to  build  the  dam  to¬ 
gether  with  its  assoc iated  structures .  In  addition,  it  is  ... 
also  necessary  to  consider  the  feasibility  of  a  particular 
type. of  dam  from  all  points,  such  as.  techniques,  materials, 
equipment  and  labor*  '  S'  .'  •  •  -  . 

Therefore*  it  is  impossible  and  not  advisable  to . say 
with  certainty  which  type  of  the  dam  is  most  economical. 

The  only  way  of  determining  the  host  economical  dam  type 
is  to  collect  data  oh  thphathral  conditions  of  the  dam 
site;  figure  but  the  practicability  of  supplying  construc¬ 
tion  materials*  equipment  fob  construction  use  and  labor; 
then  all  the  factors  mUst.be  considered  together  to  deter¬ 
mine  the  manner  of  arrahging  the  pivot;  and  finally  a 
thorough  comparative  Study  must;  be  made. 

2.  Matter  of  safety;  3y  all  bddSi  the  most  important 
matter  to  be  discussed  is  the,  safety  of  the  dams,  espe¬ 
cially  the  high  ones 4  The  failure  of  a  high  dam  will 
meah  a  great  Catastrophe  for  the  cities  and  villages 
situated  downstream  from  it.  Safety  and  economy  are  to 
be  matched,  but  economy  cannot  take  precedence  over 
safety. 

Consideration  of  safety,  however,  should  not  be  limit¬ 
less.  It  must  be  defined  by  a  certain  standard.  This 
standard  is  determined  by  the  amount  of  stimulus  the  dam 
will  have  on  the  political  economy,  [i.e.  if  the  dam 
would  be  important  to  the  economy  expense  should  not  be 
spared.]  (Two  considerations  are  taken  into  account.  il4 

One  is  the  purpose  of  building  a  specific  dam  with 
regard  to  the  economic  welfare  of  all  people  in  the  coun¬ 
try;  and  the  other  is  the  effect  of  the  oatastrophe  which 
would  be  felt  by  the  economy  of  the  country  as  a  whole  in 
the  event  of  dam  failure. )  These  two  considerations  de¬ 
termine  the  cost,  which  is  considered  in  terms  of  the 
stimulus  the  dam  will  provide  for  the  economy.  Such  costs  are 
concretely  reflected  by  the  classifications  and  gradings 
of  the  hydro-electric  structures,  and  by  the  standards  of 
other  projects  too. 

In  studying  the  safety  of  a  dam,  there  is  always  some 
one  who  brings  up  the  matter  of  overload  for  discussion. 

Some  even  contended  that  some  types  of  dam  are  strong 
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enough  to  withstand  an  air  raid  while  others  were  not.  As 
matter  of  fact,  this  is  of  no  real  significance  In  dis¬ 
cus  sing  safety  from  a  purely  technical  point  of  View. 

The  problem  of  flood  also  comes  up  for  discussion* 
Usually  in  terms  of  how  big  will  a  possible  flood  be?  Or* 
how  big  of  an  unexpected  flood  must  be  withstood  in  order 
that  a  dam  can  be  regarded  as  safe?  If  these  questions 
are  not  answered,  it. is  also,  meaningless' to  say  which  dam 
has  enough  strength  tb  he^ist  Aprobable, flood . 


Therefore,  in  discussing  the  safety  of  a  dam,  it  should 
not  be  discussed  beyond  the  stipulated  conditions  (those 
stipulated  in  the  project  standards).  For  instance,  if 
according  to  the  project  standard ,  a  first  grade  dam 
should  be  capable  of  resisting  a  flood  of  0,01  perc ent 
intensity , any  dam  which  can  fulfill  this  requirement  has 
equal  strength  against,  the"  flood ,  no  matter  what  type  it 
la.  >■'  ;  - '  ■  <.  ... 


According  to  the  history  of  dam  construction,  failures 
have  been  recorded  for  almost  every  type  of  dam.  This  is 
why,  without  the  support  of  actual  experiences,  talk  of 
which  type  is  more  safe  and  whioh  is  less  is  empty  and 
groundless.'  ■>•:**  .  .. 

The  safety- of  a  dam  is  determined  by:  (1)  Whether 
the  project  is  formulated  in  accordance  with  the  real 
situation;  and  (2)  Whether  the  quality  and  quantity  of 
the  materials  for  building  the  dam  are  prepared  in  accor¬ 
dance  with  the  demands  of  the  project.; 

In  fine,  because  different  types  of  dams  have  different 
histories  of  developments  and  different  levels  of  studying 
their  related  sciences,  they  have/  therefore,  different 
levels  of  their  projects.  The  level  of  a  project  is  re¬ 
flected  principally  by  the  practicability  of  the  assump¬ 
tion  on  which  the  project  is  based,  of  the  theory  used  and 
of  the  way  adopted  for  constructing  the  dam. 


In  order  to  make  a  further  study  of  this  matter,  the 
following  discusses  separately  some  principal  types  of  the 
dams: 

‘  *  v  *  ■  •  •  .  *  :  .  *4  -  •  ’  •’  *■  :  1  ’  • 

(1)  Gravity  dams— Because  the  gravity  dam  Is  a  substan¬ 
tial  block  and  the  calculation  needed  in  its  design  is 
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simple*  than  that  ;ofqther;;typea‘;it  '.seems  to  us  that  ;. the 
problems  it  presents .  hre  .fewerv ;  ,3ut  ,  a  "detailed  analysis 
shows  otherwise*  :  For  'ittstahc e ,  the  current  method  of  cal¬ 
culating  the  stability  against  . slide  considers  friction 
only.’  But  the  quest  ion  of  hpw  .  to  make  a  rat  ional  cho  lc  e 
of  the  coefficient  of  friction  is  not  ybt  answered .  Al¬ 
though  it  can  be  chosen  through  laboratory  test  a  *  the  re-> 
suits  vary  greatly  with  the  d iff brent  ways  ot  treating  ths 
contact  surfaces.  Therefore,  the  ,ooe,ffic4ient>  of  friction 

is  actually  adopted,  to  abme  extent,  at  rahdomi 

■  /  **.  .  ,  . 

In  addition*  percolation  has  a  great  influence  ontal-, 
culating  the  stability  against,  slide*;'  But  in  the  design 
of  a  gravity  dam*  it  is  not  easy  to  indicate  an  accurate 
percolation  factor  beforehead */ ;  Although  some  .Information/ 
obtained  during  the  cone  trust  ion  survey  may  be  used  to 
determine  it;*  it  lc  difficult  to  concludethat  the  ext  silt¬ 
ing  of  percolation  estimated  from  euCh  data  woiiid  coihcide 
with  the  actual  condition  in  the  completed  dam* 

•  How  percolation  affects;  the,  stress  on  the  dam  body  is 
also  unknown.  As  a  general  rule, It  is  regarded  as  an  in-, 
ternal  or.  external  force,  calculated.  by  using  Some  for-; 
muiae  from  the  General  Theory  of  Elasticity  or  Strength  . 
of  Materials.  A  few  paradoxes,  nevertheless,  are  involved 
in  this  way  of  calculating  the  percolation. 

During  the  eons tract lop  of  a  high  dam,’  some  materials, 
are  cut  into  blocks , .some,  are  mixed  with  water  ahd  some.  -  • 
are  crushed  into  plec#C,'. :  When  the  dam,  is  put  up  many  . 
Joints  are  formed:  vertical,  diagonal  and  slgzag.  How 
do  these  cut.,  wetted ,  and  crushed  materials  .as.,  well  as  the 
vertical ,  d  1  agonal  and.  slgzag  joints  affect  the  distribu¬ 
tion  of.  stress?  ;  How  do  these  different . forms  of.  material 
and  different! 'forms  ;of .  Joints  affect  the  entire  body  of 
the  dam  which  is  supposed  to  be  a  monolith?  At  the  present 
level  of  theory,  there  is  still  ho  way  to  completely  solve 
thes  problems.  1  * ; 

(2)  Arch  dams— the  arch  type  of  dam  involves,  coimpli¬ 
cated  calculations.  It  is.  questionable  whether  such  cal¬ 
culations  really  reflect  the ; stress  conditions  in  the  body 
of  the  dam.  We  must  also  ask  how  useful  is  the  study' made 
in  a  laboratory?  It  is  . worthwhile  to  further  discuss 
these  questions,  Deformiatibn  of,  the  abutments . of.  arch*,  , 
dams  has  a  great  effect  on  the  body  of  a  dam.  ‘ 


However,  there  Is  no  reliable  method  to  determine  the 
extent  of  such  deformation  with  any  accuracy.  The  ques¬ 
tion  of  whether  the  overflow  of  the  ktream  over  the  top 
of  an  arch  dam  might  cause  shockto  the  dam  is  also  debat¬ 
able,  With  regard  to  the  different  forms  of  Joints,  etc*  j 
the  questions  which  apply  tp  the  kroh  type  of  dam  are  aiml* 
lar  to  those  for  the  gravity  ones; 

(3)  Buttress  dams-i-The  detrimental  effects  of  percola¬ 
tion  on  buttress  dams  are  less  than  thoSe  on  the  gravity 
type.  In  this  respect,  the  former  are  superior  to  the 
latter.  However i  with  regard , to  the  stability  against 
slide  as  Well  as  the  conditions  resulting  from  the  differ¬ 
ent  kinds  of  Joints,  the  questions  are  same  for  the  but¬ 
tress  type  as  for  the  gravity  dams.  In  both  cases  there 
are  no  clear  answers* 

In  addition,  it  is  quest lonalbe  as  to  how  great  the 
strength  of  buttress  dams"  against  earthquake  shock  might 
be. .  And,  would  the  overflow  of  the  stream  shock  a  but¬ 
tress  dam?  And  under  a  high  water  head,  how  stable  would 
a  buttress  dam  be  in  terms  of  vertical  deflection?  These 
are  all  moot  questions,  since  our  practical  experience 
has  hot  answered  these  questions  nor  has  offer  theoreti¬ 
cal  studies  given  any  perfect  solution. 

Finally,  we  must  hypotesize  what  would  be  the  strength 
of  a  thin  buttress  dam  to  resist  the  percolation  if  some 
cracks  developed.  Many  engineers  are  trying  to  solve 
this  problem. 

(4)  Earth  fill  dams— Although  there  has  been  a  great 
advancement  in  geophysics  during  recent  years,  the  way  of. 
designing  an  earth  fill  dam  is,  in  many  respects,  based  .  i 
on  a  particular  theory  towhich  a  perfect  solution  is  diffi¬ 
cult  to  arrive  at.  For  instance,  there  are  many  laboratory 
to  determine  the  shear  resistance  of  earth.  But  which 
method  should  be  c ho  sen  to  meet  prac tical  requirement sis 

a  big  question.  In  addition,  the  pore  pressure  and  lique¬ 
faction  of  sand  necessitates  further  study. 

(5)  Rock  fill  dams— If  one  thinks  the  theory  of  elae* 
tlclty  can  be  regarded  as  a  main  weapon  in  the  analytic 
study  of  concrete  dams  and  geophysics  as  the  main  weapon 
in  the  comparative  study  of  earth  fill  dams,  there  is  no 
such  specific  weapon  to  be  used  in  the  study  of  rock  fill 
ones.  ' 
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Although  we  have  often  used  geophysics  or  the  theory 
of  elasticity  and  plasticity  in  working  out  the  designs 
of  rock;  fill  d ams ,  the  theoretical  results  more  or  less 
deviated  from  the  practical  conditions.  In  a  addition,, 
many  other  Problems  are*  so  far,  not  splved,  Rock  settle¬ 
ment  is  one  of  them,  ad  there;  is  no  precise  way  to  prede¬ 
termine  the  extent  to  which  rop^s  will,  settle* 

Summarising  all  the  facts,  stated  above*  it  is  evideht 
that  in  the  case  of  all  these  types  of  dams  ' there  arc  a  . 
great  many  unsolved  problems,.,  because  thelb  problems  are  ?  f 
not  solved#  no  conclusion  can*  therefore,  be  reached*  ’ 
Because  there;  is  no  way.  to  predetermine  the  safety  of  these 
dams,- therefore,  we  can  not  guarantee  how  much  safety  can 
be  required. 

Despite  the,  fact  that  the  theoretical  methods  (lnclud-  , 
ing  many  trad  it  lonal  methods  of  calculation )  can  not  give 
us  exact  answers  for  practical  use,  they  do  provide  us 
with  many  principal  rules  and  formulas  concerning  a  dam. 
Having  these  rules,  and  formulas,  at  hand  we  can  do  some¬ 
thing  to  cope  with  any  probable  situation  and  to  preserve 
the  safety.  'V- ,,  ;.  ;.  ■  ‘ ....  ;  ... 

Moreover,  the  experience  we  have  obtained  from  the 
operation  of  those  dams  already  in  service  can  be  help-, 
ful  to  us  in  eliminating  the  weak  points  in  the  various 
types  of  .dams,:  .  ...  • J  V.  •  r;-,-.. 

Between  the  assumptions  on  which  the  designs  were  based 
as  well  as  the  methods  by  which  the  designs  were  calculated 
on  the  one  side,  and  the  practical  conditions  pn  the- 
other,  there  has  existed  a  gap.  In  order  to  close  such  a 
gap  so  as-  to  insure  that  the  structure  is  free  from;  danger, 
we  generally  established  a  certain  safety  factory  and  set 
forth  home  [minimum]  technical  demands,  :  For  example,  in 
the  formula  for  calculating  the  stability  against  slide 
of  a  concrete  gravity  dam,  built,  on  a  rock  formation,  co¬ 
hesion  was  not  taken  into  account*  But  even  without  that  > 
the  safety  factor  was  approximately  1,0,  which  is  what  is 
generally  required  for-  stability  against  slide  on  kuch  a 
dam.  The.  unconsidered  factor  of  cohesion,  which  is  an  , 
inherent  element,  therefore,  added  to  the  safety.  : 

In  earth,  fill  dame,  because  there  were  more  unknown 
elements  involved  in  estimating  the  stability  of  their 


sloping  faces  and  less  latent  elements  which  would  be 
beneficial  to  the  structure,  the  safety  factor  for  the 
stability  of  the  slopes  Is  from. 1.3  to  1.5.  -  f  ' 

f  with  regard  to  the  allowable  stresses  In  gravity  dams, 
bee  aus e  the  d lfference  between  the  effects  0 f  perc Olatlon  • 
on  the  stresses  of  the  dam  before  and  after  the  crack 
developing  at  Its  upstream  face  was  not  clearly  understood 
no  apprec table  tens Ion  stresses  were  permitted  at  It s  up¬ 
stream  face.  At  the  same  time,  a  good  drainage  system  ' 
was  provided  Inside  the  dam  to  rel leva  the  uplift  pressure 

In  the  arch  type  dams,  the  increase  adverse  effects  of 
percolation  resulting  from  oracking  is  not  serious  enough 
to  impair  the  dam  safety.  A  certain  amount  of  appreciable 
tension  stresses  was ,  therefore,  allowed  to  be  present  on 
its  upstream  face. 

The  safety  factors,;  which  differ  with  the  types  of  dams 
were  determined  by  thoroughly  studying  a  specific  type  and 
by  the  estimated  extent  of  detrimental  effects,  caused  by 
a  certain  element  on  that  specific  type.  This  is  why  a 
dam  which;  has  a  greater  safety  factor  is  not  necessarily 
safer  than  a  dam  which  has  a  smaller  safety  factor  • 

Generally  speaking,  the  elements  involved  in  deter¬ 
mining;  the  safety  of  different  types  of  dams  are  differ¬ 
ent.  It  is  the  stability -against  slide  which  determines 
the  safety  of  gravity  and  buttress  type  dams;  it  is  allow¬ 
able  stresses  which  determines  the  safety  of  buttress  and 
arch  type  dams;  and  it  is  the  slope  stability  and  relia¬ 
bility  to  resist  percolation  which  determine  the  safety  of 
earth -fill  and  rock  fill  dams. 

In  a  nutshell ,  so  far  aS  the  requirements  for  stabil ity 
strength  and  resistance  against  percolation  are  concerned, 
each  of  these  dam  types  has  advantages  as  well  as  dis¬ 
advantages.  But  inasmuch  as  the  safety  is  conditional  and 
these  requirements  are  the  established  conditions  under 
which  safety  . is  insured,  the  current  level  of  scientific 
techniques  can  insure  that  all  these  requirements  are  met, 
whatever  the  type  may  be.  However,  these  requirements 
should  be  taken  into  further  consideration  in  view  of  the 
true  standards  set  for  construction  work.  ~  .  ' 


The  quality  and-quantity  of  materials;  Available  for 
construction  purposes  constitutes  ah  element  which  ob-st 
directly  determines  the  safety  of  a  large  dam.  Whether 
the-  construction  material  satisfies  the  design  demands  Is 
an  .important  condltioh  whloh  often  affects  the  Selection  of 
dam  types.  For  instance,  a  high  arch  dam  in  which  the 
estimated  stress  will  always  reach  80  to  90  kilbgrams  per 
square  centimeter  needs  concrete  of  above  #300  standard. 

At  present*  In  some  regions  of  our  country,  because  the 
concrete'  produced  fell  short  of  this  standard*  this  demand 
ooUld  not  be  satisfied  and  consequently  the  arch  dam  pro- 
J ect  had-:- tb*.  be-  shelved*  <  ■'  •: -  , •  •  r ■  •- ' •  *  •'  - « •  -v;  •;  - 

•  in  extremely  cold  regions  the  demand  for  a  freeze  re** 

sistant  standard  in  buttress  type  dams  and  in  general  •;  • 

locations  the  demand  for  an  anti-percolation  standard'  in 
the  same  type  are  both  relatively  stringent.  If  these  * 
standards  can  not  be  insured? in  certain  qualities  and 
quantities  of;  the  const  ruction  materials,  the  durability  •' 
of  the  dams  wlllvbe-i  affe&teaV- “  • :  • 

It  has  happened  in  some  places'  that  the  materials  used 
were  not  sieved ; well  and ' that  the  aggregate  material  were* 
so  unsuitably  selected  that  they  could  not  meet  the  per¬ 
colation-resisting  and  freeze  resistant  standards.  As 
a  result,  the  buttress  dams  were  threatened  with  ruin. 

•  -In  addition,  ;  the'  dissipation  of  heat :  in  .concrete '  dams ; 

the  control  of  porosity- In  rock  fill  dams;  and  control  of 
the  quant ity  of  r water’ in  percolation-resisting  earth  dams 
and  the ^control  of gravel  weight  in  masonry  dams  will  ih-r  • 
fluence  the  selection  of  dam  projects  if,  owing  to  in¬ 
adequate  equipment  or  some  other  reasons,  the  quality  and 
quantity  Of  materials  can  not  be  guaranteed'  during  con¬ 
struction.  5  -  ^  v  ’  ■■■t-  -.V->  •  :  ‘ 

The  progress  and  procedure  of  construction  bear  rela¬ 
tion  to  the  safety  of  various  types  Of  dams  during  parti¬ 
cular;  stages  of  construction.  In  one  instance,  the  pro¬ 
gress  of  building  a  rock  fill  dam  was  too  optimistically 
scheduled  to  be  4,000  cubic  meters  per  day* 

Actually,  only  1 , 000  cubic  met  era  of  dam  could  be 
erected  daily.  During  the  season  of  high  water,  torrents 
came  raging  down  the  river.  The  dam  was  not  high  enough  to 
hold  back  the  water,  and  the  water  flowed  over  the  top. 


Not  only  wks  most  of  the  erected  part  of  the  dam 
wrecked#  but  in  addition  disaster  was  spread  over  the 
lower  valley*  ;  ' 

Similar  lessons  were  taught  during  the  building  of 
earth  fill  dams.  It  was  these  lessons  such  as  these 
Which  have  alerted  us  to  the  fact  that  in  the  design  of  \ : 
dams  built  from  locally  available  materials,  the:  way  of 
guiding  the  stream  and  the  speed  at  which  construction 
proceeds  must  be  arranged  with  special'  care.  -  ; 

Under  general  circumstances ,  this  problem  can  be  solved. 
But  if  the  capacity  of  the  guided  stream  is  tremendous 
and  as  a  result  the  embankment  put  up  must  be  very  high  so 
that  everything  will  be  under  control  during  the  first 
phase  of  construction,  we  need  a  sufficient  amount  of  mec¬ 
hanized  equipment  to  cope  with  the  problem.  For  Instance, 
according  to  the  study  of  some  rock  fill  dam  projects rin 
our  country,  10,000  to  20,Q00  cubio  meters  should  be  put 
up  every  day  during  the  ,3? lr at  phase  of  construction.  ' 

We  may  take  similar  rock  fill  dam  at  Yu-mu  in  Japan 
as  an  example.  The  dally  quantity  of  material  deposited  . 
during  the  first  phase  was  almost  same  as  on  our  dam. 

The  main  mechanized  equipment  used  was: 

25  power  shovels  (including  four  4.5  cubic-meter- 
power  shovels)  to  do  the  quarrying  and  excavating 
‘  work  V  •  ■  7>y  -  ..  '  f. 

96  heavy  trucks  (including  forty  22  ton-self -dumping 
trucks)  for  hauling  rock 

6  twenty  to  twenty-five  ton  cranes  r  . 

2  fifty-ton  pneumatic -tired  rollers 

4  twenty-ton  sheepfoot  rollers  t 

Notwithstanding  the  fact  that  the  damage  caused  by 
flood  waters  flowing  over  the  top  of  a  concrete  dam  is 
small,  the  torrents  which  rage  over  the  tops  of  buttress 
or  open-slot  gravity  dams  during  construction  of  them 
might  destroy  the  foundations  of  the  dam  because  work  is 
lnoompleted  on  the  downstream  side. 
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Th©  procedure  and  progress  .of.  construction  determines., 
the  distribution  bf  stress  on  a  dam.  If  proper  at ten-.  ;i 
t ion’  is  not  paid'  to-  these;  factors  a  dam  might  be  brought  . 
intb  JeopArdy.  ForinstSnce*  if  theconstructipU;  work  ; 
must  be  done  with  So  much  haste  that  the  closing  sections 
of  arch*  gravity  or  buttfesh  type ;  dams  ai*e  poured,  before 
the  concrete  is  cooled  to  t>he  betting  temperature extra 
stress  might  arise  from  later  Contraction  of  the  concrete 
blocks.  And*  the  fact  that  thO;  concrete  blocks  are  put  ... 
up  individually  might  also  cause  a  change  in  stress 
beyond  that  estimated  in  the  original  design*  :  . 

If  SU  these  factors  mentioned  above  are  not  adequately 
estimated  beforehand*  they  might  have  detrimental  effects 
on  the  soundness  of  s-danu  But  if  they  are  all  involved 
in  the  estimation*  the  estimation  would  result  In  an  in¬ 
crease  of  the  quantity  of  concrete  required  which  would 
influence  the  cost  toi  sbrne  extenti  .  r  •  • 

;; t,.  :V?  1  !*■’  ;  ;'U'  *;  ; v 

In  addition  to  the  above  factors  of  design  and  cons¬ 
true  t ion »  cons iderat ion  should  -be - gi v en  to  the  f ac illtles 
for  maintenance  and  the  practicability  of  repair  in  case 
of  damage  after  completion  of  a  dam*  tin  these  respects, 
thin  buttress  type  dams  (like  multiple  arch  and  flat-slab 
types)  are  most  unfavorable. 

This. is  because  in  the  Vent  of  cracking  or  other  damage 
concrete  can  hot  be  poured  from  their  tops  or  walkways. 

And,  it  would  be  impossible  to  empty  a  large  reservoir. 

(In  our? country’,  the  bApacities  of  reservoirs,  are  from 
several  thous And  million  to .sevoral  ten  thousand  million 
cubic  meters.  Therefore,  special  care  should  he  taken, in  ; 
constructing  a  thin  buttress  type  dam  in  a  situation  which 
will  involve  a  large  reservior 

In  summary,  each  type  of  dams  has  particular  elements, 
same  favorable  and  some  unfavorable,  which  affect  its 
safeness.  The  cost  of  a  dam  is  also  affected  by  many 
factors.  But,  safety  and  economy  can  not  be  dealt  with 
in  the  same  manner.  The  two  must  be  considered  in  ac¬ 
cordance  with  the  circumstances  which  exist  at  the  time. 


D.  Trends  in  the  Selection  of  Dam  Types  in  Foreign 
Countries 


■W 


In  order  to  further  explain  the  trend  of  development 
In  dam  types,  It  will  be  well  to  note  the  trend  In  the 
selection  of  types  In  f oreign  . 

According  to  Incomplete  ^aiisilcs^  the  capitalist 
countries ’possess  336  dams  which  are  above  75  meters  In 
height .  This  number  include^  those  which  have  been  oom- 
'  plated,  those  Which  hre  uhdSr  construction  and  thojSe  which 
are  still  lh  the  pi ahnihi  stage*  The  following  table 
classifies  them  by  type  |Shd  height  3 1 


Completed 'or  Completed  or  de- 
Dam  ;iypes  Total  -designed  ,  -signed  after  1950 

,  .  after  1950  V  percent  of  total 


»*»  . 

.  75-JLOOm  100m  75-100m 

lOOm 

75-100  m 

100  m 

Gravity 

97 

66 

67 

47 

60% 

n% 

Arch 

52 

48 

23 

36 

44 

75 

Buttress 

10 

5 

5 

2 

50 

;  67 

Earth  fill 

24 

9 

■;  16 .  ... 

8 

67 

•  89  ’ 

Rook  fill 

24 

14 

15 

11 

63 

79 

Prom  the  above  table  we  can  see  that  the  number  of 
gravity  dams  is  the  greatest)  and  that  arch  dams  are  second. 
The  other  three  are,  in  order,  the  rock  fill,  earth  fill 
and  buttress  typeB.  If  we  use  the  year  1950  as  a  starting 
date,  the  high  dams  which  were  completed  or  which  were 
being  constructed  after  that  year  were  still  basically  con¬ 
forming  to  such  a  trend,  so  far  as  the  absolute  figures 
are  concerned,  v 


However,  relatively  speaking,  the  percentage  of  dams  , 
over  100  meters  built  of  locally  available  material  has 
been  Increased*  But  this  doesn’t  mean  that  the  trend  in 
every  country  has  developed  in  the  same  way.  The  dam  con¬ 
struction  in  some  principal  capitalist  countries  can  be 
observed  as  follows: 
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(1)  United  Statea-*‘*In  .  5en»ra^-,  !  the-high  dams*  fn  the 
United  States  follow  the  same  pattern  as  tho se  in  the 
capitalist ;  Countrieeas.  a, whole. *;••< But., pine e  1944*  while 
there  has 'been  a' noteworthy  increase  In  earth  fill  and;  • 
rock  fill  dams,-  hot  a  Single  high  topttresjs; one  has : been 
erSoted.  The  high  dais  of  the  United  States'.'  hre  consti¬ 
tuted  as  shown  -ih  the  following  table,:  ' 

Nuiber  of  datr  Number  of  dams  • 
Dai  --vfotal  <  -•  v.: -after  1950  after  1950#  %  of 

•*  total 


r  Y^-IOOtn  loom  75-1 00m  100m- 75-100. 


Gravity  . . 

i  .  '  t  , 

-*•-14 

■  *  1  S  •  ;  ;*? 

Arch 

\  y  -  *  • 

11 

:Io 

Buttress 

3 

<:??  i 

Barth  fill 

15 

5 

Rock  fill 

12 

'  6 

11 . 

6 

•  .  «.  »  •’w*  «•!».'  *>. 

.  50^ 

w 

*,i  *"**•- 1  •  •* 

2 

:;3 

18 

30,. 

•  Z"  •;  * 

0 

•0 

-V:0 

0 

9 

5 

60 

100.. 

5 

;  4 

42 

(2)  Japan— The  number  of  gravity  dams  in  Japan  is 
overwhelming*.;... But  higher  arch*  rock  fill  and  buttress 
types- have  also  been  puilt  during  rec ent ; years •  ,^he  . 
typeai  in  that  oouhthy;  ahe  constituted^  as  follows:  . . 


••(f.VTI  vf* 


i? 


(3)  Switzerland— Since  jl  951*  Switzerland  has  built 
seven  dams  which  are  above  100  -meters.  Among  then*  four 
are  arch  type.  They  are,  Mo-warsdng*  Chlang-chi-erh,  , 

C h iang-f Ui- sul •la  and  Mo-arl  *  Two  dams ,  Ta-ti-k  o-Bun  and 
A-ii-nieh  air e  gravity  type#  The  MO-hsing-neiig  dam  is  of 
the earth  fill"  type*, X-  vr.  r$v..  -  v. 

(4)  Prance— -During  the  last  ten  years ,  France  has 
built  32  concrete  damn  UnclUding  those  which  are  less 
than  75  neters  in  helgdit }/  Of  them,  26  are  arch  types, 
four  arb  gravity  and  two  are  buttress  types .  Although  \ 
there  ahe  not  many  bufl.lt  of  local  materials  the  earth  fill 
Sa*erh*lung-sang  dhi  has  a  height  of  122  meters* 

~ (5i  Italy— Only  one  gravity  type  dam,  the  Sa^erh-to 
Dam  which  has  completed  in  1939?  is  above  100  meters  in 
height.  Among  three  other  75-100  meter  high  gravity  dams, 
two  of  them  were  built  after  1950.  Italy  has  more  arch 
dams  than  other  types.  -  Of  them,  13  are  over  100  meters 
high  and  10  of  those  13  were  built  after  1950.  In  addition 
Italy  has  developed  arch  dams  with  double  curvature. 

:  There  has  also  been  a  great ‘development  in  buttress  , 
type  dams  ( gravity -counterfort  dams )  in  Italy •  Three  dams 
of  the  gravity-counterfort  -type  have  been  constructed  dur¬ 
ing  recent  years.  One  of  them  has  a  height  of  over  100  . 
meters,  and  two  are  75  to  100  meters  high. 

With  regard  to  the  socialist  countries*  Soviet  Russia 
has  erected  many  high  dams  In  Siberia.  Among  them,  Pu-ha- 
t  la-erh-ming-ch'ii-chi»  the  Shu-erh-pln-ch  *  1-chi ,  Pu-la- 
tz’u-k’o*  ETo-la-kl-Jo-ya-ch’l-k  o,  Sa-yin-ch  IHk  o  ?  and 
Ghiang-ya  are  gravity  dams*  Ta-Iel-fu,  Ta-li-a-erh  and 
Chta-erh-wa-k,o  are  earth  fill- dams.  The  principal  dams 
in  Russia  are  of  the  gravity  type.'  ... 

The  general  trends  in  the  designs  of  high  dams  in  many 
countries  oan  be  seen  from  the  above  summarized  figures. 

In  order  to  further  explain  these  trends,  the  following 
discusses  again  the  various  types  of  dams. 

<  (a)  Thus  far,  tho  gravity  type  is  still  the  most 

popular.  Despite  the  fact  that  gravity  dams  need  tremendous 
amounts  of  concrete  and  have  a  .drawback,  in  that  their 
strength  cannot  be  fully  exploited,  they  are  superior  to 
others  in  the  guiding  of  streams,  handling  flood  overflow 


and  ’  arranging  the  pivot  ••  :i®  .^hey-are.,. 

popul'a?,.  ‘98ut  bd* ides  t^esq?  ^P®8  Othar^reasons  suPJprVi  : 
their  ‘adoption  i?y  mans*  ;o6nntriet^::^|,OP-4o8J8W?f*^5®c^®f*_ 
the  United  Siatqi  can ' us® .. heavy. «bU*i? 
dams  thelabor  and  cost  can  be  redueed.r  ^Xt  .la  this  re  a 
son  Which  prompts  that  county  to  build  gravity  dams •  An- 
S?Ser  examPl^  ?8 , Japan.  Because  t^At,fC|bWtr^  M  subject 
to  earthquakes,  ’ihe  Japanese  have  hu|||;m^y  .gravity  dajs 
because  that  typh  is  recognized  to  have*  %. strong  resistance 

against,  shock,  U<y  ' 

■* ’in  Russia,  most  of  thq  dams  are  located  in  .Siberia;. .  : f  - 

where  such  unfavorable  conditions  as  extreme  cold  and 

great  lnnundat ion  have  prevented  the  Russians  from  main 

taining  light  types  or  erecting  dams  built  of  locally, 

aVailable,  material ..  ihey  must  of  necessity  u®e.  i ^wae^been 

dams*.;  Use  of  cavity  d^®v°f^he  rSmIs  a*l  fu 

greatly  developed  in  pur  country «  in  Soviet  Russia  and  in 

(bj  Arch  d'amB  are  second  to  gravity  ones  in 
Owing  to  some  natural  conditions  France, ^Italy.end^other 
European  countries  have  focused  special  attentlon^upon.. 
the  ionetruition  of  varoiv  dame, 

sites  were  in  narrow  gorges  >diex*o  flood  ingots  .not  gr  fi 
and  the  problems  of  guiding  the  streams  and_ discharging  - 
the  floods  is  simpler.  » The  building  of  arch  dams  is, 
therefore ,  advantageous  for  those  .countries,  ^ 

in  .add  it  ion,  ’  ihe  Savings  in  the  qu^tlty  of  cpnerol®  . 
naed  e  the ’level  of  the  technique  of  skilled  labor  and  the 
time  for  cojastruc ting  .tb*  arch  type  dam  permitted  ujing  a 
better  'quality  .concrete,^  j.Thls  is  the  reason  why  more 
countries  in  Europe  adopted  arch  dams ...  j  ?  - 

.  (c )  During  resent  years,  there  has  been  a  great  deve¬ 
lopment  of'. buttress  type  high  •dams*  °!£®££? /f^Jas v 
counterfort  ones.  Most  construction  of  this  type  . 
done  in  Italy.  Notwithstanding  this  development, .the^  • 
sravity-counterfort  damB  presently  do  not  acctount  for 
many  in  th,  1sum»-  »Wfr 

mei-na  of  tha  gravity, and  buttress  types  mill  reauit  in 
great  r<|>eY el opm ost  of  .  theni ;  io  the ,  future ♦  : .  ■*  >  v .  *. 

tn  the  early  years  of  dam  construction  in.  the vUhlted  .j 
States,  some^of  the  multiple  arch  dams  built  were  relatively 
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high.  .But  since  1944,  Americans  have  almost  ceased  build - 
ing  such  types  of  dams.  There  are  several  reasons  for 
this*  Among  theoi  are  that  the  multiple  aroh  type  needs 
vast  quantities. of  steel  reinforoement,  and  the  method  of 
construction  is  complicated.  In  addition*  in  the  event  of 
cracking  leakage  would  %e  serious  and  repaid  and  Replace¬ 
ment  are  not  easy.  Moreover#  they  are -generally  mono  ex¬ 
pensive  than  gravlty-coqnterfort  types; 


*  ,i  ■ 


However,  multiple  afoh  dam  with  spread  footing  is 
new  development  in  dams  of  low  height i  BasicallyjtL** 
development  can  eliminate  the  general  defects  which  aRS 
Inherent  in  the  [standard]  multiple  arch  types#  This 
merit  is  sufficient  to  warrant  its  further  development# 

(d )  High ;  dams  built  of  locally  avaliatilSi  ttAtSriil  have 
had  hn  outstanding  development  during  recent  years,  parti* 
oularly  in  the  United  States.  About  50  percent  of  the 
dams  built  in  that  country  after  1950  and  were  over  100 
meters  high  were  built  of  locally  available  materials. 


One  of  the  reasons  for  this  development  is  that  con¬ 
fidence  in  such  dams  has  been  strengthened  by  advanced 
theories  of  design.  The  other  reason  is  the  great  pro¬ 
gress  which  has  been  made  in  construction  machinery  which 
not  only  makes  possible  the  erection  of  high  dams  but  also 
greatly  reduces  the  unit  cost.  Besides,  good  sites  for 
erecting  dams  are  diminishing.  Therefore,  dams  built  from 
local  material  were  chosen  in  preference  to  concrete  ones. 

From  the  abpve  facts  it  can  be  observed  that:  ; 

(1)  Despite  the  fact  that  various  countries  at  Certain 
times,  have  designed  and  constructed  certain  types  of 
dams  more  often  than  other  types  because  of  existing  con¬ 
ditions,  they  did  not  rule  out  the  construction  of  the 
Other  types  altogether.  And,  as  can  be  seen  from  the 
general  trends  of  dam  development  In  the  world,  although 
the  rate  of  development  in  different  countries  varies,  no 
country  has  reached  such  a  stage  that  a  departure  from  the 
conventional  types  built  is  justified. 

(2)  In  considering  the  types  which  make-up  all  the  dams; 
in  our  .country,  it  is  noted  that  they  are  relatively 
varied.  To  compare  these  various  types  with  those  in  the 
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other  countries  which  have  similarly  complex  natural  con¬ 
ditions,  onecan  see  that  each  type  is  in  nprmal,  propor¬ 
tion  to  the  resti  •  •  •>''.*"•.* 

(3 )  Many  types  of  darns  have  been  further  improved  in 
the  wake  of  the  advancement  of  both  theories,  and  ' practices 
in  dam  construction.  As  example,  regular  gravity  type 
dams  are  losing  their  place  to  the  open-slot  gravity  type; 
gravity-countepfdrt  dams  are  taking-  the  lead  in  the  but¬ 
tress  groups ;  a  new  type  of  mult  iple  arch  with  spread 
footings  has  appeared;  the  arch  type  with  double  Curvature  ’ 
is  being  greatly,  developed j  and  the. rock  fill  type  with 
masonry  cofes  has -become  popular,  ..  . 

Pew  of  the  rock  fill  type  dams  with  rigid  cores  and 
few  of  the  thin  buttress  dams,  such  as  those  with  a  multi¬ 
ple  arch,  were  being  built: in  recent  years.  The  tendency 
has  been  to  drop  them  from  that  group  type. 


Conclusion 

The  following  conclusions  stem  from  the  above  discus¬ 
sion.  The  selection  of  a  dam  type  must  be  based  upon  the 
topographical  and.  geological  conditions  which  are  provided 
by  the  nature;  the  practicability  of  supplying  materials 
and  equipment;  and  upon  the  level  of  development  of  tech¬ 
nical  skills.  If  a  person  talks  about  dam  types  without 
concrete  Information  on  these  conditions  at  hand,  and 
jumps  to  a  conclusion  that  a  particular  type  is  the  cor¬ 
rect  one  and  that  is  Incorrect,  he  cannot  have  an  adequate 
understanding  of  the  overall  picture  of  dam  construction. 

It  has  been  the  case  With  all  countries  that  in  differ¬ 
ent  eras  of  history  and  with  different  ex lsting  oond it ions 
the  characteristic  points  of  the  dams  which  were,  developed 
have  differed*  Our  country  is,  now,  living  in  an  era  of 
a  big  leap  forward  toward  the  establishment  of  socialism. 
The  advancement  of  all  branches  of  the  economy  is  so  swift 
that  the  supply  of  such  materials  as  steel,  cement,  timber, 
etc « ,  cannot  fully  meet  the  requirements:  of  reconstruction. 

In  order  to  obviate  such  a  paradoxical  situation-  and 
to  push  a  bigger  leap  forward  in  the  irrigation  and  hydro- 
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electric  field,  the  Department  ef  Hydro-electric  Power  as 
well  as  the  Bureau  of  Irrigation  and  Hydro-electric  Power 
Reconstruction  have  suggested  that  the  adoption  of  dams 
the  local -material  biiilt  of  locally  available  materials 
are  to  receive  preference.  This  proposal  is  quite  right 
and  is  generally  recognized  to  be  in  conformity  with  the 
present  real  situation,  ‘  Social  attention  should  be  fo¬ 
cused  upon  the  such  dams  id  the  selection  of  dam  types. 

.  However*  the  selection  Of  suoh  dams  does  not  mean  the 
exclusion  of  all  other  types*  Therefore,  it  behooves  us 
to  continue  to  study  and  to  improve  those  other  types, 

We  had  best  make  an  effort  to  attain  a  greater  achievement 
in  the  development  of  all  types  of  dams*  •  1  ‘ 
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Domestic  ic e&entT  plasticizers.  • 
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[This  la  A :  translation  of  an.  art i<ilS,  submitted  by  the 
Water  Conservation  Research  Laboratory  of  the  Anhwei  Water 
Conservancy  and  Electric)  Power  Institute*  The  article  in 
Shui-li;  Shui-Uen  Chien^she ,  No  17 , ,  li^fept enber  1959# 
pages  14-20.  ]  ;*  s  ;V '  -  t  ::.i  *  -  •  \ 


(I)  Prologue 

When  cement  Is  mixed  with  water,  a  cement  paste  is  formed 
and  then  hardens.  According  to  the  experiment  made  by  Dr. 
Tokujiro  Yoshida  of  Japan,  if  the  paste  hardens  at  the  age 
of  three  days,  the  water  required  is  approximately  10.8  per¬ 
cent  by  weight  of  the  cement;  if  it  hardens  at  the  age  of 
seven  days,  the  water  required  is  approximately  13.5  per¬ 
cent;  if  it  hardens  at  the  age  of  twenty-eight  days,  the 
water  required  is  approximately  17.9  percent.  According 
to  the  study  made  by  Professor  Shinohara  of  Kyushu  Univer¬ 
sity  of  Japan,  the  weight  of  water  needed  for  a  complete 
hydration  of  the  cement  is  only  32  to  37  percent  of  that 
of  the  cement  itself. 

i 

However,  this  32  to  37  percent,  which  is  referred  to  as 
a  water-cement  ratio,  is  not  high  enough  to  make  the  cement 
fluidic,  plastic  and  workable.  The  water-cement  ratio  of 
45  to  75  percent  is,  therefore,  usually  adopted  when  con* 
crete  is  used  as  a  building  material.  Because  more  water 
is  added  than  can  combine  with  the  cement,  there  is  always 
about  50  percent  of  water  which  is  free  in  the  concrete. 

Such  free  water  evaporates  when  the  concrete  dries,  leaving 
voids  which  lessen  the  strength  and  impair  the  durability  of 
the  concrete. 

In  order  to  reduce  the  amount  of  such  free  water  so  as 
to  improve  the  properties  of  the  concrete  many  attempts 
have  been  made.  The  adoption  of  a  relatively  low  water- 
cement  ratio,  the  careful  selection  of  appropriate  gradings 
of  aggregates,  the  use  of  machinery  for  pouring  and  crush¬ 
ing,  the  use  of  stiff  concrete  and  the  method  of  drying  the 
concrete  in  vacuo  all  contribute  to  the  reduction  of  excess 


water*  During  recent  years  some  admixtures  bave  been  in** 
troduced.  Theje  admixtures  will  serve  as  a  new  method  for 
the  Improvement  of  the  properties  of  the  concrete. 

The  admixture  which  was  first  applied  to  concrete  in  our 
country  was  gaseous*  Afterwards i  they  were  the  waste  liquors 
of  paper  making  from  the  paper  'factories  at  Shih»yen ,  Ying- 
k  ou,  Chin-chou,  Tientsin,  Kuang-ohou  and  Shanghai.  The 
use  of  these  Admixtures,  ]»hich  arp  now.  referred  .  to  as  pi  as** 
tiCizers J  is  widespread,  but  their • production  is  so  limited 
that  It  is  impossible  to  uieet  the  needs  of  recent  reconstru** 
Ct Ion,  which  has  undergone?  tremendous  development.  '  " 

i  This  Article  discusses  the  simple  methods  of  manufacture 
ing  the  neW  pldStiCiSSrs.  The  materials  used  for  manu** 
factoring  them  are  sunflowers,  pine  leaves,  and  rice  stalks* 
which  can  be  found  everywhere.  The  methods  and  explanations 
are  set  forth  in  such  a  manner  that  they  will  provide  a 
ready  reference  for  water  conservation  engineers. 

( IX )  Spec  imens  ^  > 

(1 )  Cement— —No  400  silicate  cement  manufactured  by  the 
Lung-t  an  cement  manufactory  in  Klangsu  was  used  as  a 
specimen.  Its  chemical  composition  and  physical  properties 
are  shown  In  the  table  1  and  table  2. 


Table  1  Essential  Chemical  Competition  of  the  cement 


Loss  on  Ignition 
Percent 

SiOg  % 

A1203  % 

Fe205  % 

CaO  % 

1.19 

28.10 

7.52 

4.88 

54.85 

*■ 

MgO  % 

SOj  % 

S  % 

0,.®3 

1.36 

0.56 
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;.:.t  a  f  table " ?  jEjsserit  ial  dfoys£c$£-‘‘'- :  .... 

=  v-  ;,cv  'i::  ?*>*  Propertliel'  of;  ’.the  "Cement:  v;:  •’ ; 

Stand^rd'lNb:  bf'/the  Cement  '  J;  ; 


Tens  11  'strength  Kilograms  Per  ■=-.? ^ :febmj^?sl^;  Strength  KlXp- 
"  ■  •  --c  ■  grama  per  Pm 


,;28  Pays 


48.7 


24.0 


•  ;  '.stability  :!,•  v*--.:-  .  Periods  of  .Setting  . 


- .  v.  j  wv-*  f  reryeuu  •  * -r  <«uv*af 

Steamed  Boiled  ■■:  ^ter  radded-  V  set  >*.  ‘ 


Desirable 


24.7  3h  45®  5h.58m 


Specific 

gravity 


3.09 


(2 )  Fine  aggregates-— Sands  from  p^ne"°hu^n8.we£®a^!®ii’ 
Their  physical  properties  ai*e  listed  in  the  Table  3  and 
their  sieve  analysis  is  shown  in  Figure  1. 
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(3)  Coarae  aggregates— Gravels  of  granites  from  Huai-yuan 
were  used.  The  diameters  of  small  gravels  ranged  from  0*5 
to  2.5  centimeters  and  medium  gravels  measured  from  2.5 
to  5.0  centimeters.  In  the  mixed  aggregates,  the  amounts 
of  the  small  the  medium  gravels  were  in  the  ration  of  two 
to  three. 

The  physical  properties  of  the  coarse  aggregates  are 
shown  in  the  table  4* 


Table  4.  Essential  Physical 
Properties  of  Coarse  Aggre* 
gat  es 


Weight-Volume: 

1426 

(Kilograms/cubic  meter) 

Specific  Gravity: 

2.63 

Porosity  (f»)i 

45.8 

Water  Rententivity : 

0.43 

Anti-Freezing  Property: 

M50 

(4)  plasticizers— Domestic  plasticizers  were  used. 
They  were  classified  as  pine-leaf  product,,  sunflower 
product,  and  rice-stalk  product.  To  compare  these 
plasticizers  with  those  made  of  waste  liquor  of  paper 
making,  waste  liquor  of  reed  from  the  Chln-chou  paper 
manufacture  was  also  used  aS  a  specimen  in  the  test. 

The  stems  of  reeds  are  boiled  with  a  sulphite  and  all 
the  fibrous  substances  are  removed,  the  liquid  left  is 
the  waste  liquor  of  reed.  When  the  materials,  such  as 
sunflowers,  stens  of  corn,  rice  stalks,  or  wood,  which 
contain  albumen  and  carbohydrates,  are  cooked  with  a 
considerable  quantity  of  NaOH,  the  vegetable  ingredients 
of  those  materials  react  with  the  alkali  to  form  a  ve¬ 
getable-alkali  solution. 

When  all  the  fibrous  substances  are  removed,  the  vege¬ 
table-alkali  solution  is  a  domestic  plasticizer.  The 
detailed  process  of  manufacturing  the  domestic  plastici 
sera  is  as  follows: 


a.  Cut  and  grind  the  pine  leaves  or  the  stems  of  the 
sunflowers  or  corn*  Measure  the  amount  of  water  they 
contain. 

b.  Prepare  a  5  percent  solution  of  NaOK«(50  grams  of 
NaOH  per  liter  of  water. 

c.  Pour  two  liters  of  the  above  prepared  solution  of 

NaOH  into  a  boiler  and  heat  it.  Add  one  kilogram  (dry 
measure)  of  thbse  ground  materials,  little  by  little, 
into  the  boiler.  . 

i  •  i .  ;  * : . 1  '  ;  ... 

d*  Boll  it  and  maintain  the  boiling  point  for  four 
io  five  hours.  Stir  constantly.  Donft  let  any  burnt 
organic  matter  stick  to  the  bottom  of  the  boiler. 

e*  Remove  the  fire,  let  the  liquid  cool  off ,  filter 
off  the  residudy  and  finally  neutralize  the  liquid  With 
hydrochloric  acid.  (Test  it  with  litmus  paper) 

The  essential  physical  properties  of  the  plasticizers 
are  listed  in  the  table  (5).  • 


Items 


Waste 
Liquor 
of  P.eed 


Sunflower 

Product 


Pine-Leaf 

Product 


Rice-Stalk 

Product 


Appearance  Br  Liq  Br  Liq 

Sp  Br  1.15  1.06 

Solid  Matter 

gm/c  c  0,324  0,111 

CaO,  mg/llt  11263.53  247.65 

MgO,  mg/lit  27061.60  1278.84 

S03,  mg/lit  14943.91  621.24 

3,  mg/llt  10832.97  508.97 


Br  Liq 
1.03 

0.06 

200.08 

777.93 

220.12 

309.61 


Br  Liq 
1.02 

0.036 

36.38 

298.41 

84.79 

118.76 


Table  5.  Essential  Physical  Properties  of 

Plasticizers 
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,  :  i#  The  maximum diameter; of  the  aggregates  for  the  con¬ 
crete  was  five  centimeters.  .  > v:  "•  r. 

2.  The  slump  of  the  concrete  was  eix  to  eight  centi¬ 
meters.  '  .  • ; .•  ;  .  .. 

:  3.  The  amount  of  sand  in  the  concrete  was  32  perr 
colt. 

'hi  The  concrete  was  disturbed  with  machinery*  ex¬ 
cept  the  concrete  molds  which  were  used  for  the  anti*  , 
freezing  test,  all  were  stamped  with  machinery. 

.  The  size  of  'the  specimen  for  the  strength  test 
was  15x15x15  centime  ter  sj/  the  size  of  that  for,  the  anti- 
freezing  test  was  10x10x10  centimeters;  and  the  size  of 
that ..  for.  the  pe rco  1  at  ion?;- P?a i  0 1  i;nS  test  was.  15x15x15 
centimeters. . 

6.  The  amounts  of  the  plasticizers  added  are  shown 
in  table  6. 
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Table  Continued  — 


Pine-Leaf  Product 


Rlce-3taik  Product 


•Pitted: 
Pi  n  e  -  2 
Pine  3- 
Pine  4 
alee  1 
Rice  2 
Rice  3 
Rice  4 


0.05 
P.10- 
0.20  ; 
0.40 

}  i 

0,05 
OilO 
0.20 
?  0.30 


7.  All  specimens  were  preserved  in  ®°is^  °ka®kers. 
The  temperatures  maintained  ..were-  f^Q®  15  1c  ^0  0*~  The 
relative  humidity  maintained  was  above.  90  percent.  .  The 
periods  of  preservation. were,  seven  days,  28  days,  ana 
90  days,  J r:.  ■  •  • .  ' 


jyy  T=>lftatlclzlng  Effects  of  the  Plasticizers  , 

(1)  Gel at ini zat ion  of  the  plasticizers.  ; 

Men  piastlclters  are  aided  to  the  cement  paste,  two 
kinds  of  cenCnt  grains  are  formed*.  ,one^ls  aeposlted^with 
the  vegetable  matter  which  comes  from  the  plasticisers; 
the  other  is  the  combination  of  the  orystals  2j.aaJ°*uo: 
hydroxide  with  that  which  has  been  deposited  with  the- 
vegetable  matters.  Both  grains  carry  negative  charges 
of  electricity  and  repel  each  other. 

Therefore,  all  cement  grains  diffuse  themselves  uni¬ 
formly.  The  cement  paste  does  not  coagulate.  3U®“  * 
phenomenon  is  spoken  of  as  selatinization.  Accord ing^ 
to  P.  A*  Wu-lieh-pln-chleh-erh-yuan-shih,  the  gelantl 
nizatipn  is  the  first  cause  of  the  plastic i z ins . ef f ec t 
of  the  plast loiters.  '.-i./  r,.,; 
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Such  gelatinization  can  he  illustrated  by  the  a®** 
mentation  of  the  cement.  Here  are  several  100 c.c.  test 
tubes.  One  of  them  contains  100  c.c.  of  pure 
other  oontalns  100  o.c«.  of  a  0.005  J  solution  ©fa  g# 
and  each  of  the  rest  iq  full  of  a  different  plasticizer 
solution  having  a  density  of  0*05 

Add  10  grams  Of  cement  to  dach  tube,  shake  the  tubes 
vigorously,  and  then  lAttie*  stand.  Thssedlu.sntatlon 
of  the  cement  in  each  solution  can  be  observed. as  follows. 

In  the  t sat  tubes  which  contain  pure  water  and  gas  in 
solutions,  the  cement  particles;  which  have  diameters  far 
larger  than  those  of  the  cement  grains  themselves^  settle 
rapidly;  The  liquids  in  both  tubes  sre  completely  trans 
parent  after  standing  Only  five  minutes;  and  f  thin  layer 
of  cement  which  settled  at  the  bottom  of  the. tube  can  be 
seen*'.  .. .  f:;*  1  V  ‘ 

But  in  the  tube  which  contains  the  plasticizer  solh* 
tion,  the  cement  grains  generally  maintain  tjj®1^  ©Jtginal 
diameters  and  diffuse  uniformly  throughout  the  entire _ vert i 
cal  space  of  the  tube.  The  sedimentation  is  so  slow  that 
the  solution  remains  opaque  for  a  very  long  period. 

The  tube  which  contains  waste  liquor  of: r®®5- 
transparent  in  one  hour  and  ten  minutes,  that  which  con 
tains  the  solution  of  pine-leaf  product  in  8  J  k?u£®»  but 
those  which  are  full  of  sunflower  and  rice-stalk  solu 
tions  take  over  10  days  to  clear. 

The  gelatinizatioh  caused  by  the  plasticizers  increases 
the  plasticity  of  the  cement.  The  same  plastioity  can 
be  maintained  when  the  excess  of  water  as  Jh®the 

amount  of  the  oement  used  are  reduced.  In  ®dJttlon,  the 
gel at ini zat ion  also  means  a  better  eontact  between  the 
cement  grains  and  the  water.  The  hydration  of  the_ ce 
ment  and  the  strength  of  the  cement  products  ape,  there 
fore,  improved. 

(2)  Plasticizers,  standard  consistency  and  the  periods 
of  the  cement. 

The  cement  grains  of  a  cement  paste  are+assembled  to¬ 
gether  by  molecular  forces  to  form  a  structure  in  which 


parte  6f  the  excess  pi*  waterare  confined.  The  forma¬ 
tion  of  thesS  statures  is  the  setting  of  cement.  Such 
setting  of  cement  produces  ascertain  ultimate  displacer 
me&t  stress  which  prevents  .the  cement  -paste  from  moving 
freely.  '  ;  !  v!  ‘  ,  .V-,-7  '  -  •  • ■:V: 

.  When  the  plasticizers  are  added  to  a‘. cement  paste,  .y 
the  vegetable  matter  of  the  plasticizer?  forms  a  gela¬ 
tinous  film  around  the  surfaces  of  all:  the  Individual 
grains.1  The  gyains  which  have  been  covered  by  these 
films ' have  more  water  around  them  than  thbee  whlclrhave 
not  f  and  the  water  which  is  around  the  covered  grains  is 
Stabler  than  that  around  the  uncovered  ones. 

The  molecular  forces  are  subsequently  weakened }  the 
structures  of  setting  are  hampered  »  the  water  which  is 
supposed  to  be  confined  inside  the  structures  is  let 
loose,  and  finally  the  fluidity  of  the  cement  is  .increased . 
"Reduction  of  the, .standard -consistencies  of  the  cement  can 
be'  seen  from  table  ( 7  ):•>,  ?  y  ■:  ,y  • ;  , ; 

■  Table  7,  The  Influence  of  the  Plasti-  . . 

clzers  on  the  Standard  Consist encles  of 

“  "  /■""  ’  ’’’  ’  /  ' .  :  Cement  .  ”  .. 


Classified  No 

Regular 

Reed 

Sunflower 

Pine 

pice 

*  *  ”  *  ‘ 

.’v  .  ;  l.,r. 

c, ,2.47 

23.9 

24.1  ■" 

24.1 

24.1 

.  . . ‘ 

23.3 

, ,  t.  •  * 

. 23.6  * 

24.1 

24.0 

3  . 

23.3 

"-"'23.1 

24.0 

23.3 

4 

*•«* 

22.8 

23.0 

23.4 

23.0 

.  ..  furthermore, 'the  gelatinous  films  formed  of  the  ve¬ 
getable  matters  of  the  plastioizers  prevent  the  water 
from  diffusing  inside  the  cement  grains.  The  preliminary 
phase  of  the  cement  hydration  and  the  process  of  hydro¬ 
lysis  are  both  deterred.  ,  . ...  _ 
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In  addition,  the  plasticizers  contain  carbohydrates 
which  are  composed  of  either  five  or  six  atoms  of  car¬ 
bon.  These  carbohydrate  have  the  effect  of  delaying 
the  cement  setting.  This  is  why  the  period  of  setting 
for  cement  mixed  with  a  plasticizer  is  longer  than  for 
the  regular  cement.  If  the  amount  of  plasticizer  used  la 
over  0.2  percent,  the  period  of  setting  of  the  cement  is 
generally  above  the  standard  specified  in  the  national 
code.  ‘  •  •  \  .  /  . ;•  -  ;•  ,  ' 

The  effects  of  plasticizers  on  the  periods  of  setting 
of  the  cement  is  shown  in  the  table  (8/0 


Table  8.  Effects  of  Plasticizers  on  the  Periods 
of  Setting  of  the  Cement 


Regular 


Reed 


Sunflower 


uiassinea 

No 

Initial 

set 

h-m 

Final  ' 
set 
h=m 

Initial  Final 
set  set 

h=m  h=m 

Initial 

set 

hsm 

Fina: 

set 

hsm 

1 

3:35 

5:58 

4:44 

6:34 

5:58 

7:58 

2 

- 

- 

5:55 

9:03 

6:46 

9:47 

:  3 

- 

-  : 

5:55 

14:25 

9:26 

17:36 

4 

- 

5:51 

19:40 

9:55 

32:25 

V 

Pine 

Rice 

■  '■ 

Initial 

Final 

Initial  Final 

set 

set 

set 

set 

*  •  :  •  '  . 

.»  h=m 

h=m 

h=m 

h=m 

4:53 

6:51 

4:30 

8:17 

5:47 

8:48 

5:23 

8:56 

6:27 

11:52 

7:21 

10:01 

11:57 

32:21 

9:36 

13:46 
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(?)  Plasticizers  and  the  bleeding  of  the  ceoerit* 

M6&kv.{oondlaia  6f  the  forcing 
out  of  mixing  wator  froiii  the. mass  after  molding*  it  i8 
the  result  of  .sedioehtation.  bf  the  solid. particles  in  -the 

#251$**  k'S  S0.™  *r  *  v! he  a  iris  'to  the  sur- 

i?5\ofwiS»  itlww*.  the  affin¬ 

ity -between  the  cement  grains  and  therefore,  ruins  the 

homogeneity  of  the  entire  maSsa  Such  expelled  water  also 

aggregates  and  the  steel  reinforcements. 
The  adhesioh  of  the  concrete  to  the  aggregates  and  the 
steel  is  alsp  weakened.  Also,  erosive; liquids  are  apt  to 
pemeate  the  mass  of  the  concrete  through  papillary  chan¬ 
nels  formed  by  the  expelled  water.:  ■' 

'1  of  ^he  Soviet  Research.  Institute 

of  Industrial  Chemistry,  has  drafted  a  formula. in  which 
na  uses -K  to  denote  the ; percentage  of f water  expelled  s  ' 

V  b  x  100 

/  A  is  tihe  originai  volume  of*  the  cement  paste, 

S  is  the  volume  of  the  cement  paste  after 
■  :  shrinkage,  ; ;/  ;  ..  .. .  ;;--v 

disturb  a  cement^paste  which  has  a  water-cement’  ratio 
of  .55  and  let  it  stand  still  for  3  hours.  Mix  it  with 
plasticizer,  The  percentage  of  water  expelled  cah  he 
observed  from  the  table  9„  . 


Classified^  No 


a 


'  Sunflower  Pine  Rice 


16.7 


14.8 


16.6 


14.7  16.1 


‘  14.6  ":14.7  “  '  13.6  6.098 


0.098  14.0 


0.082  0,040 


Table  9.  Effects  of  Plasticizers  on  the  Expulsion 
-  of  Water  of  the  Concrete 
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As  a  result  of  the  experiment »  the  bleeding  of  mortar  ; 
of  concrete  can  be  Improved  by  the  use  of  plasticizers. 

The  gelatinizatipn  caused  by  the  plasticizers  splits  the 
cement  grains  into  minute  particles*  These  minute  parti- 
cles,  combining  with  water,  form  a  great  number  of  gela¬ 
tinous  compounds  which  prevent  the  water  from  being  ex¬ 
pelled.  ,  ■  ■  • 

(4)  Plasticizers  ana  the  air  dohtent  in  the  conrete, 

..  When  gaseous  substances  are  mixed  With  a  liquid  and 
stirred*  bubbles  are  formed.*  But  ordinary  liquid  does  not 
form  mariy  bubbles  arid  trie  bubbles  formed  collapse  readily* 
Plasticizers  have  the  effect  Of  lowering  the  surface  ten¬ 
sion  of  water  to  hnmefous  air  bubbles  in  the  OonOrete  from 
Collapsing.  It  is  these  numerous  minute  air  bubbles  which 
increase  the  fluidity  and  workability  of  the  concrete. 

The  concrete  can  be  molded  or  shaped  at  will* 

Plasticizers  different  in  the  ability  to  lower  the 
surface  tension  of  water*  Waste  liquor  of  reed  and  the 
sunflower  product  have  little  ability  to  form  air  bubbles, 
but  the  ability  of  pine-leaf  and  rice-stalk  products  is 
extraordinarily  high.  If  the  quantity  of  the  pine-leaf 
product  or  rice  stalk  product  is  over  0,2  percent,  the 
quantity  of  air  in  the  concrete  Is  even  above  the  Standard 
that  the  concrete  should  contain.  See  table  10. 

Table  10.  Air  content  percent  in  the  concrete 
which  has  been  mixed  with  plasticizers.  The 
maximum  diameter  of  the  concrete  grain  is  five 

centimeters 


Classified  No. 

Reed 

Sunflower 

Pine 

Rice 

.  1  ' 

,  0.9 

0,8 

2*4 

1.3 

'  2 

1.1 

1.4 

3.7 

2.7 

3 

1.9 

2,0 

5c6 

6,5 

4 

2.5 

3.1 

6.8 

9.2 
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These  numerous  minute  air  bubbles  not  Cnly  increase 
the  plasticity  Of  the  concrete  but.  also  increase  its  dur¬ 
ability v  But  if  it  is  too  much  air,; the  strength  of  the 
concrete  will  be  lowered  and'  the  fav'Orabie.  effect  of  the 
gelatinizatipn  of  the  plaistiolzers  on.;the  Concrete  strength 
therefore,  reduced* c;  u’-  j.  ■*  * 

(5)  Effect  of  plasticizers  on  the  fluidity  of  mortar 
and  concrete#  _  ,v 

Plasticizers  have  another  ability,  that  of  improving 
the  fluidity  of  mortar  or  concrete*  It  is  this  ability, 
which  reduces  the  quantity  of  water  required  for  mixing* 

The  reduction  of  required  water  is  the  ultimate  -aim  of 
the  use; of  plasticizers 0  ■;  j 

The  fluidity  of  mortar  is  represented  by  its  expansion# 
In  an  experiment  we  .used  water-cement  ratio  of  #48,  and 
6emeht-8and  ratio  of  1:3  by  volume#  Then  mixed  water, 
cement  and  sand  together  to  form  mortar#  After  the  mor¬ 
tar  was*  mixed  with  'the  plasticizer  i£  was  put  on  a 
vibrated  thirty  times.  The .expansion  of  mortar  was  mea¬ 
sured  as  shown  in' the  table  11# 

’fr  *  .  ,  ,  .  .  .  .  4  *  f 

;  . ....  •  4  . 

Table  11#  Expansion  of  Mortar  in  Centi- 

. . .  meters  •  ...  •• ..  • 


Classified  No 

Regular 

Reed  Sunflower  .Pine  Rice 

141  142  ’/  U48  .  141 

:  >/■  „  -  vr a' >/.*•; 

152  ' ■ v '  146-  ^  ;m54  is8: 

3 

• 

157  158  192  186 

Table  11  shows  that  the  fluidity  of  mortar  is  increased 
with  the  amount  of  plasticizers  used.  This  is  so  parti¬ 
cularly  with  pine-leaf  and  rioe  stalk  products  which  pro¬ 
duce  innumerable  bubbles  and  have,  an  emulsifying  effect# 
The  expansion  caused  by  them  is  extremely  noticeable. 

The  fluidity  of  concrete  is  generally  measured  by  the 
slump.  If  the  amount  of  wat er  us ed  ls,  smaller;  than  us¬ 
ually  required  for  the  same  slump,  It  indicates  that  tJi® 
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concrete  is  more  fluid  thfeh  ordinarily.  '  In  an  experiment 
we  conducted,  the  concrete  used  had  a  water-cement  ratio 
of  0.65  and  the  slump  was  set  ait  six  to  eight  centimeters. 
The  quantities  of  water  used  after  mixing  with  plastic!* 
zers  are  shown  in  the  table  12. 


Table  12.  Amount  o£  Whter  needed  for  the  concrete 
which  was  mixed  with- plasticizers.  /(Kilograms  peh 

cubic  meters) 


classified  Nh  Regular  freed  Sunflower  £l£e 

"  *  1,  162  ,156  156  ■  '  153  *53;" 

•  2  -  ‘  153  ;  153  150  146 

■  3  - .  •  - \  150  150  ' ;  145  -  136 

4  -  146  143  138  125 


Table  12  shews  the  desirability  of  plasticizers,  tfhen 
the  quantity  of  plasticizers  added  is  0.2  percent,  the 
quantity  of  water  required  can  be  reduced  by  7.4  to  16 
percent.  Not  only  is  the  amount  of  free  water  in  the 
concrete  greatly,  reduced  but  the  quality  of  the  concrete 
Is  also  greatly  improved.  The  same  water-cement  ratio 
can  be  maintained  while  the  quantity  of  cement  can  also 
be  reduced  by  7,4  to  16  percent.  Plasticizers  are  there¬ 
fore,  economical. . . 

Table  12  also  indicates  that  the  greates  amount  of 
water  reduced  is  by  the  pine-leaf  and  rice-stalk  pro¬ 
ducts.  ; 


(V)  Influence  of  Plasticizers  on  the  Quality  of  the 
Concrete 

(1)  Influence  of  plasticizers  on  the  strength  of  the 
concrete. 
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Use  concrete  which  has  water-cement  ratio  of  O.65.  Set 
the  slump  at  six  to  eight  centimeters#  ..After > mixing, with 
various  plasticizers#  the  compressive  strengths  are  shown 
in  the  table  13. 


Table  13.  Strength,  of  Concrete  which  has  been  mixed 

with  Plasticizers 


Amount  of  ;•  .Compressive  ■  Compressive 

.  ;  cement  Strength  at  the  Strength  at 

Classified  used  Kilo-  Air  r/gb  of  “Y'diys'  the  age  of 
No  grains  pet*  Content  28  clays 

,  Cubic  meter  .  .  % .  -  Kg/cm2  :  %  kg/cm2  % 


Regular  .  249  r: 

,  -93.4 

100 

137-8  ;  • 

100 

Reed  1  '  240  7: 

.«  61.6 

■;  >.  87*4 

•  •  il:21  #8. 

38  i  5 

Reed  2  .  236. 

*v  i  ■■■  f* «  »’■?  ^ 

*  .,85 .5' 

.91.5  . 

145.3  ... 

105.4 

Heed  3  231 

i#9 

89.9 

96.2 

152.5 

110.6 

Reed .4  225 

•  ■  :2#.5 

83.5 

T  69.4 

144,9. 

105.0 

Sunflower  1  240 

.  •  o*4 . 

7:7.5 

83.6 

■,  123.7 

.89.3 

Sunflower  2  236 

-  '  V  ;,1.4 

" ,  86.8 

,  •  .  93.6 

137.8 

100 

Sunflower  3-  '231 

:2.0. 

..  .  86  #9 

93.1 

130,9  *; ' 

1  95 

Sunflower  4  220 

V'/ 

3.1 

64,0 

;  68.5 

114.5 

83.1 

Pine 

vi-  v;  ;7v,!2U$r.; 

V  81.8 

’  '  87.6 

123,1  . 

90 

Pine >2  ••  •.  231  : 

3.7 

^:74.5' 

.v.,79,7; 

117.1 

P5.1 

Pine.  3  -223 

"  :  5.6 

47.8 

.  V  51.2 

•  79.3  . 

‘  \  '1 

57.6 

Pine  4  .  213 

/VV\  6.8 

'43.8 

7  46.9 

80.2  . 

58.2 
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Table  Continued  — 


Rice  1 

236 

1.3 

Rice  2 

209 

6i5 

Rice  3 

209 

6*5 

Rice  4 

193 

CM 

-9 

-J0N 

X  i  . . . .  toO 


83*6 

89.5 

153 

ill 

76*4 

82.2 

129 

93.7 

65*2 

69.8 

74.0 

63*7 

49.3  ' 

52.8 

67*3 

48.8 

According  to  a  study  conducted  by  Professor  A.  E. . 

Ilsieh-chin,  when  the  vegetable  matter  is  deposited , on 
the  surfaces  of  the  grains,  the  sizes  of  the  crystals 
formed  during  the  process  of  the  hardening  of  the  concrete 
are  greatly  reduced.  But  the  number  of  the  crystals  is 
greatly  increased  and  longer  periods  of  time  are  required 
for  the  crystal  formation.  These  phenomena  contribute 
greatly  to  the  mechanical  strength  of  the  concrete. 

However,  such  gelatinous  films  on  the  surfaces  of  the 
concrete  grains  deter  the  hydrolysis  and  hydration  of  the 
concrete.  Furthermore,  the  film  may  form  ^friers  pre¬ 
venting  the  cement  grains  from  coming  into  direct  contact, 
with  other  grains.  These  phenomena  affect  unfavorably 
the  strength  of  the  concrete,  if  too  much  of  the  plasti¬ 
cizers  is  used,  the  films  formed  on  the  surfaces j>f  the 
cement  grains  are  too  thick,  and  the  reduction  of  the 
strength' is  especially  apparent. 


In  short,  the  effects  of  placticizers  on  the  strength 
of  the  concrete  are  both  favorable  and  unfavorable.  But 
reference  to  table  (13)  reveals  that  such  effects  vary 
with  the  plasticizers  as  well  as  with  the  amounts  used. 
For  instance,  when  the  most  favorable  quantity  — 
percent  of  waste  liquor  of  reed  or  0.05  percent  of  rice 
stalk  product  —  is  used,  the  strength  of  the  concrete 
oould  be  increased  by  approximately  10  percent. 


If  the  most  favorable  quantity  (0.1  percent)  of  sun¬ 
flower  product  is  used  the  strength  of  the  concrete  is 
the  same  as  that  which  has  not  been  mixed  with  plactici¬ 
zers.  But  with  the  pine-leaf  product,  even  if  its  most 


favorable  quantity  (0.05  percent)  Is  used,  the  strength  of 
concrete  is  still  somewhat  less  after  28  days. 

Table  (13 )  also  indicates, that, fop  the  most  part  the 
percentage  of  compressive  strength  at.theage-of  seven, 
days  is  less  than  28  days.-  rThis ogives  e-propf  ^hat  at 
the  early  siage  of  the: oondrete*  the  effects  of  all 
plasticizers  on  its  strength  are  unfavorable*  These 
unfavorable  .effects  are  caused  by  the  deterrence  of  hy¬ 
dration  of  the  oonoretSa  As  stated  before* .thin ‘films 
formed  by  the  gelatinous  matters  deter  the’  hydration. 
jj  ’  •  ........  _  •  ,  .  -j: str 

The  fact  that  the  strengths  of  concrete  are  greatly 
weakened  at  the  classified  nbmbehs:.  bine  3i  Pine  £ »  ... 
rice  3,  and  rice  4  of  table  (13)  can  be  explained  by  the 
theory  which  was  advanced  by  Russian  Professor  Ma-liu-ko 
in  19th  Century.  He  maintained  that  the  strength  of  con¬ 
crete  is  determined  by  the. ratio  of  the  volume  of i the 
cement  to  that,  of  f  the*  air  ,  bubbles.  This  theory  has ;  been 
generally  accepted  by  . contemporary  students....  ...  :. 

At  the  classified  numbers s  pine  3,  pine  4*  rice  3* 
and  rice  4*  the;,  quantities  of  water  required  for  the  con¬ 
crete  are  so  lessened  that; the  volume  of  the  voids  left 
by  the  free  water  in  the  concrete  is  reduped  by  26  to  ?6 
liters.  .••••••  ■  ■•-.rr-  .••  .■•••'  ••••• 

But  the  total  volume  of  innumerable  minute  air  bubbles 
is  56  to  92  liters.  The  voids  increased  is  much  greater 
than  those  reduced.  This  is  why  the  strength  of  the  con¬ 
crete  is  noticeably  weakened., 

The  effect  of  placticizers  on  .the  strength  of  the  con¬ 
crete  also  varies  with;  the- mineral  constituents  of  which 
the  cement  is  oomposed.  According  to  Professor  Pu-t  e, 
among  the-  mineral  compounds  formed  at  incipient  fusion* 
C3S  can  be  made  strong  by  plasticizers*  The  strengths  of 
other  minerals  are,,  on  the  contrary,  reduced. 

Because  different  cements  have  different  mineral  com¬ 
positions,  the  effects  of  plasticizers  on  the  strength 
of  the  concrete  depend  on  the  cement  specimen  used-  for 

the  test..:.  ,  •  s' •  ■  . .  . 


(2)  Percolation— resisting  and  anti-freezing 


The  sedimentation  of  solid  particles  in  cohcreto  forces 
water  out  of  the  mass  after.  mold.ihg>  leaving  capillary 
channels.  The  number  and  shape  of  these  capillary  chan- 
nels  are  responsible  for  diffefences  in  ability  to  re¬ 
sist  percolation.  If  thell*  number  Is  great,  their  sizes 
laree,  and  their  shapes  straight ,  the  resistance  to 
perdolatioh  is  low0  1  j 


The  purpose  of  plasticizers  is  to  reduce  the  amount  oi1 
water  needed  by  the  concrete  While  keepthg  fluidity  Con* 
st ant.  The  Conditio*  of  bleeding  therefore  can  be  also 
reduced. 


In  addition,  plasticizers  disperse  the  cement  grains 
to  form  gelatinous  compounds  with  water,  thus  preventing 
water  from  being  expelled,  reducing  the  number  of  capil¬ 
lary  channels  formed ,  and  .finally,  ..improving  resistance  to 
percolation. 

With  regard  to  damage  to  concrete  from  freezing,  two 
theories  were  put  forward.  The.  first  one,  advanced  by 
H.  A.  Po-po~fu,  ascribes  this  damage  to  the  movement  or 
water.  In  his  theory  the  concrete  was  considered  to  be 
cooled  unevenly o  Water  from  the  less  cooled  part  moves 
to  the  more  cooled  area  and  the  amount  of  water  in  the 
more  cooled  area  is  greatly  increased. 


As  a  result  of  freezing,  however,  the  innumerable  and 
uniformly  distributed  bubbles  prevent  the  frozen  part  from 
gaining  more  water.  In  this  way  the  ability  of  the  con¬ 
crete  to  resist  damage  from  freezing  is  improved. 


The  second  theory  was  propounded  by  Pao-erh-ssu  and 
was  called  the  water  pressure  theory.  He  considered  that 
when  a  concrete  was  frozen,  the  water  in  its  capillaries 
encountered  resistance  and  was  prevented  from  flowing 
freely. 


Water  pressure  in  the  capillaries  was  therefore,  very 
high.  But,  if  there  were  innumerable  bubbles  in  the  con¬ 
crete,  the  water  which  was  prevented  from  flowing^ might 
enter  them.  In  that  case,  the  water  pressure  could  be 
lowered  and  the  damage  from  freezing  could  be  possibly 
reduced. 


Ik 
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The  two  theories  have  one  single  conclusion  which 
states  clearly  that  the  reduction  of  concrete  capillaries 
as  well  as  a  obtain  amount  bf  uniformly  distributed 
bubbles  both  contribute  to  the  ability  to  resist  damage 
from  freezing*;  Such  conclusion. has  been  verified  by' a 
great  many  tests*  ,  . 

Plasticizers  not  only  rtedude,' the  number  of  concrete 
capillaries  by  the  reduction  of  concrete  bleeding*  but 
also  Improve  the  concrete *s  ability  to  resist  freezing 
damage  by  the  formation  of  a  certain  amount  of  air  bubbles* 

Table  (14)  shows  the  strengths  of  concrete  which  was 
mixed  with  plasticizers  and  which  was  subjected  to  alter¬ 
nate  freezing  and  thawing  tests  twenty-five  times* 


Classified  Anti-freezing  Strength  Prom  Tests: 
No  Strengths  of  Specimens 


Regular 

Reed 

Sunflower 

Pine 

Rice 

1 

95 

106 

61.2 

103 

93.8 

2 

— 

103 

922 

122  100 

3 

•* 

101 

105 

93.4  302 

4 

ate  aa 

84 

105 

109  102 

Table  14.  Strengths  of  Concrete  Subjected 
to  Alternate  Freezing  and  Thawing  Tests  25 

Times 
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(VI)  Preliminary  estimate  of  economic  efficacy 

When  a  suitable  quantity  of  domestic  plasticizers-  is  ^ 
used,  they  can  reduce  the  amount" of  Water  needed  by  the"- 
concrete,  reduce  the  quantity  of  cement  used,  improve  COn- 
crete  strength,  and  improve  concrete  durability.  Their 
economic  efficacy  should,  thereof fe'v,  be  considered  on  the 
basis  of  , the  total  effects  on  the.  reqUiiTed' water,  strength, 
irnti-  freezing  ability  and  resistance  /to  per  eolation;'  But 
because  the  anti-freezing  test  has  hot  yet  come  to  a  con* 
elusion,  such  efficacy  can.  for  the  time'  beihg  be  only 
preliminary  estimated  from  the  amount  of  water  and  the 
concrete  strength  at ;  the  age  of  28  ‘days:.  ? 

We  used  water-cement  ratios  of  0.65,  0.75  and  0.85  to 
find  a  straight  line  which  represents  the  relationship 
between  the  water-cement'  ratio  and  the  compressive  strength 
of  a  regular  concrete  at  the  age  of  28  days,  (see  Fig,  2) 


Figure  2. .Relationship  between  water-cement  ratio  and 
compressive  strength  of  a  regular  concrete 
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From  Fig.  2  and  table  13,  we  can  get  the  amount  of  ce¬ 
ment  required  for  a  certain  standard  Wo  of  regular  con¬ 
crete  as  well  as  that  required  for  the  same  standard  Wo. 
of  concrete  which  has  beeen  mixed  with  plasticizers,  as 
shown  in  table  15 i 


Table  15 .  Comparison  Between  the  Quantity  of  Cement 
Required  for  a  Regular  Concrete  and. that  Required  for 
Concrete  Mixed  with  Plasticizers 


Standard 

NO 


Regular  Concrete 
Water-  .  Cement 


Concrete  Mixed  with  Plas¬ 
ticizers 


of  cement  Required  Names  Quantity 

Concrete  ratios  Kg/m3 ,  of  Percent 

Plasticizers 


153  0.617  263  Rice-stalk  0.05 

Waste  liquor 

152.5  0,617  263  of  reed  0.20 

137.8  0,65  249  Sunflower  0.10 

123,1  0.697  233  Pine- leaf  0.05 


Concrete  Mixed  with  Plasticizers  Reduction  of  Cement 


Water-cement 

ratios 

Cement  Required 
Kg/m3 

Percent 

0.65 

236 

427 

+10.3 

0.65 

231 

•62 

+12.2 

0.65 

236 

+13 

+5.2 

0.65 

236 

-3 

-1.3 
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The  economic  efficacy  Is"  shown  in  table '  16; 


Table  16*  Estimated  Reduction  of  Expense  per' Cubic-  .  / 

Meter  of  Concrete 

V:>T“  fV.V  : Waste/  ;  :.Sunl/ * ~  T ; .  ' ' . . ; ' ! ; 

Names  of  Plasticizers  Liquor  flower  ;  Fine- leaf  Rice- stalk 
“  ■  ■  ”  '  ■■■'  of  Reed  :  ~  ’ 

Reduc-  Cement  Kilo-  32  13  -3  27 

tion  Unit  Cost  grams  0.1  0*1  0.1  0.1 

of  Total  Cost  Yuan/  3.2  •  1*3  ’  .  4-0.3  2*7 

Expense  •  '  •  Kg  Yuan 


Vege- 

Amount.  Kg: 

4*54 

1  1*82 

;  '2.‘5 

table 

Unit  Yuan/ 

l; 

In- 

ingre- 

cost,  Kg 

•  • 

0.075 

0.075 

-  0.075 

dientS  -Total 

0.188 

crease 

cost  Yuan  " 

s  ;■  ( 

0.34 

‘  0.136 

Fu- 

Amount  Kg 

mm 

.  0,454 

0.182 

0.25 

sed 

Unit  Yuan/ 

* 

of 

Alka- 

cost,  Kg. 

0.6 

0.6 

0.6 

li 

Total 

’  r  -  *  •' 

cost  „  yuan 

0.27 

0.109 

0.15 

Fuel 

Amount  Kg 

4.54 

1.8 

-  2*5 

ex- 

Unit  Yuan/ 

•<  (. 

\  .  .  X-*' 

cost,-  Kg 
Total 

0.023 

•  O.-023 

0.023 

cost  Yuan  * 

-  M  .  ;  ,  ^ 

0.104 

0.041 

0.058 

pense 

Wages 

. -  Yuan  - 

. im'" 

0.4 

•  -  0.10 

0.22 

•  TO 

T  A  L 

0.156 

1.114 

0.386 

•  0.616 

Profit  and  loss 

+3.04 

+0.19 

-0.69 

+2.O8 

* 
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Note*  (1)  The  expense  for  hydrochloric  acid,  which  is 
\<  only  5  c.#fr»  'jper vcuhlcvroster  ofcconcrste,  is 
•;  ■  ■  L  .^negligible*  ;  -  .■  » O'?  ifi .;.r.  • 

(2)  Waste  liquor  of  reed  is  a  by-product  of  paper 
manufacture.  Its  unit  cost  is  very  low  and 
Is  assumed  to  be  15  yuan  per  ton  (including 

■  transportation  fee )  •  ;*i .»  o 

(3)  The  expense  for  manufacturing  the  plasticizers 
is  estimated  for  small  Scale  production* 


(VII  )  Preliminary  conclusions • 

(1) -  The  soiutlpnsproduced  by,  bo(il  ing  some  plants  with 
NaOH  may  have? plasticising  effects  on  concrete  and,. can  be  • 
used  as  plasticizers,  if  the  materials  are  suitable,  the.  . 
amount  of  cement  required  can  be  reduced  and  it  is,  there¬ 
fore,  an  economical  technique,  r, ••  i 

(2)  -The  most  favorable  amount  of  plasticizer  used  varies 
with  the  plasticizers  as  well  as  with:  the,  cement.  As  -  re- 
suits  of  the  testsi  the  most  favorable  amounts  of  various  • 
plasticizers  for  No  400  silicate  cement  manufactured  by  , 
the  Cement  Factory  of  China  are  shown  in  table  17. 

•  (3).  The  maximum  amount  of:  plasticizers  used  should,  not .. 
be  over  0.2  percent  *.'.  .  Too  much;  may  not,  only-  cause  a  great 
reduction  of  concrete  strength  but  also  influence  concrete., 
stability. 

(4)  Plasticizers  are  very  favorable  to:  the  durability- 
of  concrete.  ; 

-  •  : ■  fable  17  :  v, ;  : 

Names  of  Plasticizers  Most  favorable  amount 

-Percent 

-  Waste  liquor  of  reed  ,  .  -O'.  20;  . 

>  Sunflower  product;  i  ■;  '0.10.  'v  •«  - -J  ■  •• 

Pihe-leaf  product:  :  -  0.05 

■  Rice-stalk,  product'!.  .  .  :  0.05  o  i  • 


AN  ANALYSI 3  OP  THE  TURBULENT  WATER  (KUN- 3HUI ) 
CONDITIONS  OF  THE  FU  HO  ,  KIAN33I ,  GHIAO-MIEN  TURBULENT  WfATER 

EARTH  DAM:  a 


[The  following  consists  of  an  exopt  of  at  article 
written  by  Kung  T  ung-f u , .  appearing  In  the  Shui  11  Shul 
tlen  Chien-she,  No  If*  September  1959,  pages  28-35. J 


Since  the  beginning  of  the  great  leap  forwar^* 
cement  and  steel  has  been  required  to  build  ^rioue  f*™®' 
tunes,  such  as  diversion  d ams ,  turbulent  channls,  and 
flow  spillways  for  the  multi-purpose  pattern  of  our  water 
conservation  system.  To  save  such  materials  there  is  a 
trend  toward  building  a  hew  type  dam*  the  overflow  earth 
dam.  ■  _  "  '  \„;i. '  v; 

The  design  of  such  a  new  type  will  result  In  6**JaJ 
economies.  If  there  Is  nation-wide  use  of  this  new  type 
dam  for  Irrigation  and  hydroelectric  power  work, 
struct ion  expenditures  can  be  reduced  and  cement  and  steel, 
the  inadequacy  of  which  is  painfully  apparent,  can  be 
saved  as  well. 

However,  information  about  this  type  dam  and  the  fac¬ 
tors  involved  in  its  construction  is  thus  far  very  scant. 
Deeper  and  wider  inquiries  of  its  problems  remain  to  be 
made.  ■_  ‘ 

This  article  introduces  the  Kan-fu  Plain  aggregate 
development  project  in  connection  with  a 
turbulent  water  earth  darn.  The  design  of  the  dam,  its 
construction  and  its  condition  of  water  turbulence  are 
all  included.  It  is  the  hope  of  the  writer  that  this  ar¬ 
ticle  may  be  a  useful  reference  work  for  future  designers 
of  such  dams. 

Kan-fu  plain  is  the  site  on  which .. the  .largest,  assre- 
gate  project  of  Irrigation  in  Eiangsi  has  been^developed. 
This  project  benefits  the  entire  region,  consisting  of 
the  metropolitan  area  of  Nan-ch'ang  and  Its  vicinity^ 
Peng-ch*eng  Hsien,  Chln-hsien  Helen,  and  Lin-ch  uan  Hsien. 
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The  Kan-fu  plain  is  the  largest  plain  in  Kiangsi. 

It  is  situated  on  the  lower  valley  of  the  Fu..  Ho.,  .&• . 
great  dam  of  the  Kan  Chiapg.  is.;  to ^thSPwest  bf  It*  Oh  ing* 
lan  Hu  to;  the.  east  'and'  F'b^yang.Hu  to*  the' •north.,, .  It 
covers  an  area  of  ahoiit  2,000  square*  kilometers,  and 
has  a  cultivated  area  of  1,850,000  mou  and  a  population 
of  1,1  million,  /  . . 

Being  a  hub  of  railways  and  highway'svv:*He.  Kaii-fu 
plain  possesses  a  great  many  good > "Locations  for  Indus-  . 
trial  plants.  It  is  a  major  political ^  economic ,  com¬ 
munications,  cultural;  industrial,  and  agricultural  cen¬ 
ter  of  our  country.  ■  -v«‘  : 


CONCLUSION 


i;  .  The  .turbulent  waters  earth  dam-  Is  a  most  recent  -  • 
type’of  dam  to  be  used  iii  our  hydroelectric  power  enter-. v 
prises,  .According  to  the  .experiment  conducted  by  .Ch  ing- 
hua  University ,  it  is  categorically  reliable.-  From  the  ;  . 
planning  to  the  construction  work,  as  well  as  the  condi¬ 
tion  of. water  turbulence  of  this  large  dam,  the  results 
have  aiso  given  a  confirmation  of  its  merit*  ... ; 

Its  merit  is  'sufficient to  warrant  great  development. 
This 'large-sized  dam  we  built  has  been  successfHlly  sub;. 
Jected  to  a  hydraulic  test,  ...  The  test  indicatpd  that  this 
type  of  dam  can^  be  used: : as  .a  structure  for  carrying  off 
flood,  water  or  :the-  Vater  -of  a  reservoir.  Under  certain 
conditions  the  more  expensive  construction  of s  overflow 
spillways  can  therefore  be  obsolete.  ;  ••••'•; 

2.  We  have  had  much  practice  in- constructing  the 
Chlao-mien  cross-rlverrchannel  dam,  a  turbulent  water  type. 
The  results  of  such  practice  have  indicated  that  a  large¬ 
sized  dam  ;0f  -this  kind  is  not  Only  efficient  in  carrying 
off  a  probable  flood  but  can  also  be  put  permanently 
under  water.  ■  .  ..  t.  •••,.•  ::  ■ *-] 

In  this,  way,’  its  ability  'to.  guide  the  turbulent  Water..: . 
d irec tiy  from  -the  river  to  the  irrigated  lands  Is  ,un-;,? 
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questionable.  A  new  way  of  saving  cement  and  iron  for 
use  in  the  construction  of  hydroelectric  power  works 
has  thus  been  discovered, 

3* .  If  the  dam  is  put  permanently  under  water  the 
apron  and  the  inverted  filters  aidng  the  downstream  edge 
of  the  dam  should  be  carefully  designed.  The  continuous 
sisslpation  of  energy  [ofjttie  discharge]  on  the  downstream 
side  should  be  also  carefully  calculated, 

*  The  calculation  of  hydraulic  force  on  the  downstream 
side  of  this  dam  indicated  that  there  was  no  ski^ jump. 

The  design  of  the  downstream  side  was,  therefore,  relative 
ly  Simple*  In  addition,  the  bed  of  the  river  was  found 
to  be  a  rock  formation.! 

4.  If  a  cross-river-channel  dam  of  the  turbulent 
water  type  is  to  be  put  under  water  permanently,  and  if 
the  sand  content  of  the  upstream  is  great.  Wo  110  concrete 
should  be  U3ed  for  the  dam  crest  as  well  as  for  its  face 
plates.  If  both  the  sand  content  and  the  stream  capa¬ 
city  per  unit  width  are  not  great,  the  standard  of  con¬ 
crete  may  be  lowered  to  between  No  90  and  No  70;  the  * 
dams’  faces  may  even  be  made  of  cement-lime  mortar  or 
lime.  ' 

Recently  we  have  designed  an  overflow  embankment  which 
will  be  built  of  cement-lime  mortar. 

5 o  The  size  of  each  concrete  block  for  the  faces 
of  the  Chiao-mien  dam  is  relatively  large— five  by  five 
meters.  The  thickness  is  20  centimeters. 

In  the  examination  paper  of  Chln-hua  University,  the 
formula  used  for  calculating  the  strength  of  the  face 
Of  a  dam  is  a  formula  for  a  cantilever  with  a  slope  of 
six  horizontal  to  one  vertical.  We  did  not  use  this 
method  to  calculate  the  strength  of  the  concrete  faces 
of  the  Chiao-mien  dam. 

The  faces  of  Chiao-mien  dam  were  assumed  to  form  one 
flexible  flat  beam.  In  this  way  when  the  thickness  of 
the  concrete  blocks  is  kept  constant,  the  size  of  each 
block  can  be  relatively  large.  The  large  size  of  each 
block- not  only  facilitates  construction  work  but  also 
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lessens  the  number, : of*- joints ^het^een  the  acljacent  blocks. 

No  crack  of  thefacbe  bf  -  the  dscm  has  developed  al* 
though  the  dam  has  been  subjected  to  torrents  many  times. 
Therefore,  the  practical  method  presented  above  represents 
a  rational  way  of  calculating  the  strength  of  dams  having 
a  height  of ;  10  to  15  meters*  ;  V;  ^  ..i  .  \. 
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TEN  YEARS"' ;  ACC OMPLISHMENTS  • 

IN  WATER  CONSERVATION  AND  ELECTRIC 
POWNR  CONSTRUCTION  tNr  SHANSI 


(This  is  a  translation  ot  parts  I,  II,  and  III  of 
an  article  prepared  by  the  Water  Conservancy  Engineering 
Bureau  oT  the  Shansi  Provf.hOial  Department  of  Agricul¬ 
ture  and  Constructions,  ajfjpdaring  in  Shui-li  Shui-tien 
dhien-she,  No  18,  2 6  September  1959,  pageB  18*20#] 


As  we  welcome  with  enthusiasm  the  eoming  of  the 
tenth  anniversary  of  the  founding  of  the  4tate*  the  people 
who  are  fighting  at  Fen  Ho,  Su-shui  Ho,  Chang  Ho*  and  the 
various  water  conservation  and  hydroelectric  work  sites 
are  pleasantly  and  tensely  laboring  to  welcome  the 
great  festival.  They  are  contributing  to  the  national 
day  with  practical  acts. 

The  hydrologic,  surveying,  geological,  and  designing 
workers  busy  in  such  places  as  Wen— yu  Ho,  Sang— kan  Ho, 
Chin-sha-t’an  beyond  the  borders  and  Sha-hu-k  ou  are 
again  tensely  making  preparations  for  the  engineering 
projects  to  be  started  next  year# 

Looking  into  the  future  of  water  conservation  and 
electric  power  construction,  a  review  of  the  experiences 
and  lessons  of  the  past  ten  years  is  of  great  signifi¬ 
cance. 

At  this  moment  we  are  very  proud  to  make  to  the  Party, 
and  to  the  people  of  the  whole  country  a* general  report 
on  the  brilliant  achievements  of  our  province  in  water 
conservation  and  electric  power  construction  during  the 
past  ten  years. 


I, 


What  was  the  situation  relating  to  water  conservation 
and  hydroelectric  construction  in  our  province  before  the 
liberation? 
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Before  the  liberation  the  foundation  of  water  conser¬ 
vancy  construction  in  our province  was  extremely  weak* 
There,  was  hot  a  single  hydroelectric  power  station,  in  • 
the  whole  -province .  At  that  time  the  .whole  province  had . 
an  area  of  only  3 » 680, 000  pbu  of  land1  irrigated  by  .  , 

well  water,  natural  fountains  and  floods.  ,  ^  • 

This  constituted  six  percent  of  all  cultivated  land  in 
the  whole, province.  These  irrigation  facilities  were#  .,  .  • 
moreover, . sill  located,  in  a  small  number  of  localities  on  - 1 
the  banks  of  Pen  Ho  and  Hu-i*o  Ho.  ..  ..  ..f 

Even  these  limited  irrigation  facilities  were  owned  by 
the  bureaucrats  and  the  landlords.  Moreover  damage  from. • 
war  led  to.  these  facilities  being  in  a  state  of  bad  re*  i, 
pair.  Only  a  little  more  than  two  million  mou  of  land 
actually  had  access  to  irrigation  facilities*.  i 

As  a  result  our  province  suffered  regularly  from 
drought*.  Very  often  we  could  not  sow  in  the  spring  be¬ 
cause  of.  the  lack  of  rain,  we  could  not  preserve  the 
seedlings  in  the  summer »  and  we  could  not  reap  a  harvest 

in  the. autumn.;;;;-  V, '.vu v 

Accordingly,  Shansi  was  spoken  of  as  an  area  where 
"there  is  a  drought  in  nine  out  of  ten  years , " . and 
where  "there  is  a  drought  in  the  spring  and  waterlogging 
in  the  autumn," 

During  the  last  one  hundred  years  the  province  suffered 
three  times  from  destructive  drought:  in  1867#  1920,  and 
1929  respectively.  The  land  over  an  expanse  of  a  thou¬ 
sand  11  was  ocorohed.  Families  were  separated.  People 
even  fed  on,  one  another.  , Conditions  were  extraordinarily 
tragic,.-  ...  -- ..  V 

Before  the  liberation  the  province  not  only  suffered 
from  serious  drought,  but  because  in.  the  mountainous 
regions  the  forests  were  destroyed  in  the  attempt  to 
reclaim  wasteland,  there  was  serious  loss  of  soil.  .The 
lower  .reaches  of  the  rivers  silted  and  no  control  facili¬ 
ties  were  provided, 

As  a  result  eaoh  serious  downpour  of  rain  led  to  great 
flood s  from  the  mountain  torrents#  which  produced  great  . 
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calamities.  Floods  not  only  inundated  cultivated  fields, 
but  also  led  to  loss  of  life.  Thus,  along  the  banks  of 
Fen  Ho  there  was  circulated  the  folk-sons*  In  the  day 
the  draft  cattle  worked  the  good  fields;  iii  the  night 
the  floods  came  and  the  land  was  laid  waste. 

t 

In  1913  the  Fen  Ho  breached  its  dikes  at  T’ai-yuan, 
inundating  more  1$ian  1*6  million  tnou  of  farmland  ,  af- 
fecting  more  thari  380  villages J  and  causing  the  most 
terrible  damage.  ;c 

Because  the  calamities  of  drought  and  flood  Wehe^ 
frequent,  the  production  and  livelihood  of  the  working 
people  had  no  protection.  In  those  days  the  Older 
people  always  taught  the  younger  people  by  these  words; 
"Every  year  take  precautions  against  drought.  Every 
night  take  precautions  against  the  wolf." 

Even  now  the  older;  people  still  have  fresh  mempries  of 
the  past  calamities  of  drought  and  flood.  It  is  therefore 
not  difficult  to  understand  why  water  conservation  con¬ 
struction  developed  so  rapidly  after  the  liberation; 
it  is  not  difficult  to  appreciate  the  saying  that  water 
conservancy  is  the  life  line  of  agriculture,  and  water  is 
the  blood  of  the  crops." 


II. 


Drought  is  the  greatest  enemy  of  agricultural  pro¬ 
duction  in  our  province.  Without  water  there  will  Ue  no 
food  grain.  Thus  victory  over  drought  is  the  urgent  hope 
of  the  people  of  the  whole  province.  After  the  liberation 
the  Party  and  the  government  immediately  grasped  this 
link  in  production  Increase.  It  Was  the  time  of  the  re¬ 
storation  of  the  national  economy.  Conditions  were  very 
difficult  for  all  undertakings ,  but  the  > state  exerted 
very  great  effort  at  water  conservancy  construction. 

On  the  one  hand  we  restored,  reorganized,  reconstructed, 
and  expanded  the  original  water  conservation  facilities 
and  actively  developed  small-sized  water  conservancy 
projects  which  cost  little  and  brought  immense  benefits. 
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On  the  other  hand  we  started  on  medium  sized  water  con¬ 
servancy  projects. 

As  early  as  1949,  when  the  bandit  Yen  was  still -oc¬ 
cupying  T*ai -yuan,  the  original  North  China  People  s 
Government  had  dispatched  a  surveying  corps  to  investi¬ 
gate  and  survey  the  irrigation  projects  at  Hu-t  o  Ho  and 
Hsiao  Ho.  Soon  afterward  in  1950,  the  former  Ministry 
of  Water  Conservancy  Organized  the  inspection  and  the 
guidance  of  the  work  bjr  Soviet  expert  , Comrade  Pu-ko-fu 
and  others  on  the  dams  for  Hu*t  *o  He ,aiid  Hsiao  HCi 

At  that  time  we  started  the  CChstruction  |f ;  the  two  : 
modern  water  conservancy  projects  in our  proVlhc4i  fhSy 
were  completed  in  1951  and  1952  respectively.  In  1950 
we  also  reconstructed  the  irrigation  facilities  of  Sang- 
kan  Ho  and  reconstructed  and  expanded  the  irrigation 
facilities  of  Hun  Ho. 

As  we  entered  the  period  of  the  First  Pive-Year  Plan 
for  the  Development  of  the  National  Economy,  we  started 
a  planned  movement  for  the  development  of  water  conser¬ 
vancy  in  several  major  areas. 

During  the  five-year  period  we  constructed  217,000 
small  engineering  projects  and  completed  47  water  conser¬ 
vancy  projects  of  larger  sizes.  These  projects  greatly 
promoted  the  development  of  agricultural  production  at 
the  time.  They  began  to  bring  about  a  transformation  of 
the  natural  faces  of  their  respective  areas. 

In  1958  we  entered  the  period  of  the  Second  Five-Year 
Plan.  This  was  a  year  of  the  greatest  significance  in 
the  history  of  water  conservancy  and  hydroelectric 
construction  in  our  province.  The  Provincial  Committee 
sent  out  toe  call  to  fight  hard  for  three  years  to  change 
the  face  of  the  entire  province. 

The  people  of  the  whole  province  responded,  They 
developed  the  Communist  characteristics  of  daring  to  think 
and  daring  to  act.  They  were  determined  to  conserve  the 
water  from  the  sky,  to  retain  the  water  on  the  ground, 

and  to  bring  out  the  water  from  underground. 

».  ,  -  . 
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The  people  fought  hard  in’-the  severe  winter.  They  , 
battled  the  rainy  season,  In^addition  to  completing  large 
numb ere  of- small  sized  water  conservancy,  projects ,  they 

also  completed-  111  larger  water  conservancy .project s 

(some  not  fully'  completed  ),  -These  pro  jects-  involved  40  .. 

million  'cubic  'meters  of  earth  and  stone  work,  .  The  full  - 

completioh'of  these  projects  will  provide  irrigation-/ 
facilities  for  ^>220,000  mou;  of  land,  •• ^ 

These  project s  -  include  the  following:  ;  tpe  Hun-yuan  .  .y. 
Tang-yu  Po-kung-pa  Reservoir  with  dams  64  meters  high; 
the  Hui  "Ho  -  Reservoir  with. a  water  conservation  capacity 
of  ?5  million 'cubic' meters;  the  ..Hung-chao  July  First 
Canal,  150  kilometers  long  and  conducting  water  up  the 
area;  the  mountain  cahal  at  .Pd-lanryen-j  Ping-shun,  .  - 

built  on  a  high  precipice;’- and  the  lun**c.hlahg:  August  yii 
First  Reservoir  and  WU-chai  Nan-feng  Reservoir  both  Con¬ 
structed  with  the  cooperation, of  the  military  and  civi¬ 
lian-populations,'’  V  y'i f  ■<.,  /.  ..  .-.y.  ‘'t  •’ 

All  these  pfbjeets  •have':6een;:gigantic  and  difficult, 
but  they  all  have  been  conquered  by  the  strength  and  ,  .  ,v 
wisdom  of  the  broad  masses  of  the  people.  It  is  truly  a 
case  of  making  "the;  mountains  bbw  their  heads  and  .the 
waters,  give'  way.  ”  ;•••*  _  ;• ; 

The  big  leap  forward;  in  water  conservancy  construction 
in  1958  and -  the  realization  of  communal Azat ion  through- 
out  the  province  laid  sound  f  oundat  ions,  ideologically  $  : .. 

organizationally ,  and  materially  for  the  construction  of 
large  sized  water  conservancy  pro  jects  yin  our  province 
on  a  larger  scale.  •  '  *' v.  -a;  •;  .  :•  ” 

Accordingly  in  1959  water  conservancy  andhydroelectrlc 
construction  -has  continued  to  leap  forward,  . ..Th®.  large 
reservoir  of  the  Fen  Ho  —  to  which  we  have  looked  for¬ 
ward  for  a  long  time  —  will  start  to  retain  the  flood 
waters  arid  to  conserve  wat Sr  during  the  year.  • 

’vtfe  have  also  succeeded ' 1n  the  method  of  building  .higii, 
dams'  (40  'meters )  by  pouring ;  earth  Into  the  water.,,  f ®-  ■  i:  • 
have  also  developed  on  a  large  scale  the  work  pf;. harness- . 
ing  the  Su-shul  Ho  and  the  Chang  Ho  basin  in  the  Tal- 
hang  Shan  area,  both  of  which  have  been  scenes  of  repeated 
calamities.  In  addition  many  engineering  projects  are 
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already  under  construction,  while  many  more  are  being 
prepared.  ' 


During  the  past  ten  years,  we  have  not  only  completed 
many  engineering  projects  but  also,  in  the  course  of  our 
actual  struggle  built  up  a  technical  force  arid  gradually 
arrived  at  a  clear  understanding  of  the  policy  for 
water  conservation* 

Water  conservancy  work  has  changed  from  a  former  situa¬ 
tion  in  Which  we  feared  the  water  and  paid  major  atten¬ 
tion  to  draining  water  to  a  new  one  in  which  we  love  the 
water  and  pay  major  attention  to  conserving  it.  The 
former  situation  in  which  official  projects  predominated 
in  the  water  conservancy  field  has  been  changed  to  the 
present  situation  in  which  the  masses  carry  out  the 
major  share  of  the  water  conservancy  work. 

From  arrangement s  for  single  .projects  we  have  progressed 
to  attention  to  whole  river  basins  and  to  the  systematic 
planning  of  many  projects,  covering  the  plains  arid  the 
mountain  areas  and  seeking  the  overall  basic  harnessing 
of  the  waters. 

From  seeking  simple  uses  of  the  water,  we  have  developed 
to  the  stage  where  we  are  undertaking  the  comprehensive 
utilization  of  the  water.  Irrigation  is  the  basic  con¬ 
sideration,  but  also  included  are  flood  prevention*  power 
generation*  navigation  and  pisciculture. 

From  the  exploitation  of  single  sources  of  water  supply 
we  have  progressed  to  the  combined  utilization  and  re¬ 
gulation  of  water  sources  both  on  the  ground  and  under¬ 
ground.  The  people  in  their  actual  practice  have  mastered 
the  laws  governing  the  above  mentioned  activities. 

During  the  ten  year  period  the  state  has  helped  with 
investments  and  loans  totaling  210  million  yuan  and 
Soviet  experts  have  given  guidance  in  advanced  techniques. 
Thus  our  province  has  made  unprecedentedly  great  achieve¬ 
ments  in  all  aspects  of  water  conservancy  and  hydro¬ 
electric  construction. 
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During  the  past  ten  years  we  have  constructed  more 
than  628,000  small  sized  water  conservancy  projects  and 
172  large  and  medium  sized  water  conservancy  projects. 

We  have  completed  more  than „.9» 000  bridges,  culverts, 
cisterns,  and  cascades. 

.  The  large. and  medium  sized  projects  mehtioned  above 
involved  83.5  million  cubic  meters r of  earth'  and-  stone  ,  r 
work. -The  projects  expanded  and  improved  irrigation e.  • 

facilities  for  an  area  of  7 , 3^0 ,000  uiou* ‘  apd  provided  ;a 
water  conservation  capacity  of  S40  millionvcuhie,  msiters., . 

-Among  these,  projects- with  dams  more  than- 25  meteps 
high  orTwith.  a  water  consepvation  capacity  of  mope  than,  : 
lOnmlllion  cubic  .meters  include  the*  followings  the,  re*..  ; 
construct  ion;  of  :the  second  .  and,  i  third  dams  of  Fen  Ho;  the. 
dredging  and  construe t ion  of  .the  water  courses  of  Hsiao 
Ho,  Hu-t*o  Ho ,'--.Sang-kan  Ho ,  Hun  Ho ,  Yu  Ho,  Yang-wu  Ho, 
Tse-yuan  :Canal >  Hslang-fen  -'Leap  Forward"  Canal,  and 
Hung-tung  "July. First-  Canal;., the  construction,  of  the 
reservoirs  of  Fen  Ho  at  Hsia-shih~chia~chuang,  Hui  Ho 
at  :  Hou-ma  Shlh,  Tung-rchiang  at ,  Qhang-chlh  Shih.,  Yang-po 
at  Lin  Hslen,  Nanrf eng  atiWurchal,  Tzurliang  at r Shan-yin; 

Chen,  KUor-pao  at  Tairku,  Ti“6hui-yen,at  Tso-yun,  Hpu*r  ,.  - 
chuang-at  Fan-chih,  Chao -chi  a-k*ou  at  Shuo  Hsien,§hen- 
ts‘un  at  Chang-chih,  Hsi-pao  at  Hu-kuan,  Tu-chia-ho,  , 
Yueh-llng-shan  at  Ch’in  Hsien,  and  Hsia-pei-li. 

The  construction  of  these  large  and  medium  sized  water 
conservancy  projects  ha3  led -to  the:  control  of  water; 
sources  oyer  large:  areas  and  has.  provided  greater  capa¬ 
city  for  the  conservation  and  regulation  of  water- supply. 
It  has  guaranteed  the  irrigation  of  farmland  in  the  dry 
season  and  thus  played  a  decisive  role  in: the  trans-  ; 
formation  of  the  water  supply  situation  of  a : whole  river 
basin.  .  -rf-  .  •:  ••  ...■•■■  '•  ••  '■j  .v  ? 

The  Fen  Ho  Reservoir  is  the  largest.  On, its  full  ... 
completion,  it  will  exercise  control  over  an  area  of 
5,300  square  kilometers  on  the  upper . reaches  of  the  ri¬ 
ver  and  have  a  water  conservation  capacity  of  -7Q0  million 
.  cubic  meters.  It  will  basically  remove  the. threat  of 
the  Fen- Ho.  flooding  the.  T*airyuan  Municipality,  reduce,;, 
the  calamities  produced  by  floods  In  the  Central  Shansi 
basin,  and  guarantee  the  timely  and.  adequate  irrigation 


of  1.3  million  mou  of  farmland  in  central  Shansi.  In 
addition  it  will  supply  water  for  the  industrial  and  con¬ 
sumption  needs  of  the  T'ai-yuan  xiunicipality.  ■  . 

furthermore,  a  hydroelectric  pOwdr  station  with  a 
capacity  of  9,000  kilowatts  will  be  constructed  at  the 
Fen;  Ho  reservoir*  This  power  plant  will  be  linked 
with  the  electric  power  network  of  T'ai-yuan  so  that 
thermal  power  and  hydroelectric  power  will  .supplement 
each  other.  The  rural ’areas  in  the  neighborhood  will 
be  electrified. 

In  1959  simultaneous  with  the  battle  in  the  north 
against  Fen  Ho,  we  are  also. carrying  out  the  "southern 
expedition  against  oU-shui  Ho.  The  harnessing  of  the 
rivers  in  this  area  had  started  in  1950,  but  at  the  time 
we  only  attended  to  the  prevention  of  flood  and  the 
drainage  of  waterlogging, 

Since  1956  we  haVe  changed  this  policy  and  have  pro¬ 
gressed  to  the  stage  where  water  conservation  has  been 
made  the  major  goal  and  attention  is  paid  to  both  con¬ 
servation  and  drainage.  This  year  more  than  30,000 
heroes  are  continuing  the  battle  in  this  area. 

After, a  difficult  struggle,  we  have  completed  seven 
reservoirs,  including  the  Chang  Liang  and  Yu  Lang  reser¬ 
voirs,  Le.  are  at  present  constructing  the  Shang  Ma, 

Lu  Chuang  and  other  reservoirs.  We  are  also  carrying 
out  designs  for  the  whole  basin.  These  include  plans 
for  soil  preservation  and  afforestation  in  the  upper 
reaches,  arrangements  for  the  major,  projects  of  the 
trunk  water  courses,  improved  utilization  of  low  lying 
and  alkaline  land,  for  the  high  altitude  irrigation 
project  to  conduct  the  waters  of  the  Yellow  Kiver  to 
the  area,  for  the  bu-shui  embankment  and  drainage  pro¬ 
ject  connected  with  the  San-men  Gorge  Reservoir,  and 
for  the  development  and  utilization  of  underground  wa¬ 
ter. 

The  people  have  put  up  such  great  zeal  and  have  de¬ 
voted  such  a  long  period  of  time  to  the  harnessing  of 
Su-shui  Ho  because,  with  the  full  completion  of  all.  the 
projects  mentioned,  the  annual  output  of  sodium  sul¬ 
phate  will  come  up  to  70  percent  of  the  total  national 
output • 
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At  the  same  .'tike; W  shall:  definitely  preserve  the  .salt 
sea  of  Yun- cheng,  a  base5  for" "the' '-chemical  Industry -with- 
it?  large  output  of  salt.  Furthermore,  the  Tung- pu Rail¬ 
way  will  be  spared  from  inundation  during'  the  flood  sea¬ 
son.  . 7;  * '  ..  ; ' 


The  completion  of  all  the  projects  wiil  also  provide 
irrigation  facilities  for  nearly  two : million  mou  of • farm¬ 
lands-  five  million  mou  cf  farmland  will  be  freed • f rom  the 
threat  of  floods*  and  $00,000  mou  of  alkaline  soil  may 
be  gradually  improved  ahd  utilized. 

Furthermore,  after  the  conservation  of  water,  we;  may-  • 
also  develop  pisciculture,  electric  power  generation,  ■  .y 
and  navigation,'  and  thus  bring  good  fortune  to  the  people 
of  the  entire1'  basin-.  ':'4 > ;  y '"/  l,.  ■. 

During  the  past  ten  years  we  have  earnestly  and 
thoroughly  •implemented  the;  principles  of  "preparedness 
against  calamity  arid  paying  greater  attention  to  Pr®~_  : 

vention  than  emergency  relief  measures,"  and  the-  policy 
of  combining  flood  prevention  with  irrigation  promotion. 

We  have  completed  more  than  150,000  flood  prevention  and 
drainage  projects  of  a  mass  nature  and  have  given  protec¬ 
tion  to  149  cities  arid  towns* 1,84$  villages,  and  more 
than  12  million  mou  of  land.  :;yy;\/y.;- ' 

We  have  carried  but  the  dredging  and  harnessing  of.^such 
key  rivers  as  W-yu  Ho,  Su-shui  Ho^Yu-yu  Ho,  rand  rao- . 
jungCanal.  V:rWe  haVe  str engthened  th6_  embankments  of^ the 
Fen  Ho  at '  T f  ai-yuan  municipality  and  the  Xao  oo  at-Yang- 
chuan  xiuniclpalit/*  and  We  have  carried  out  flood  pr®~ 
ventiori  projects  at  ;Ta- jen-yu-k '■  ou,  ling- shah- cheng,- kuan, 
v.en- shui-hs i- she',  arid  Tso-chuari-ma-tien.  y--  •  •  - 


Simultaneous  with  the 
we  have  also  constructed 
side  of  the  mountains  at 
cipality,  and  Chang-’Chih 
the  flood : prevention  and 
the  fivers  and  prevented 
guaranteeing  industrial 
above- named  cities* 


harnessing  of  the  major  rivers, 
flood  prevention  projects  on  the 
Taiyuan  Municipality,  Tatung  Muni- 
Municipality*  We  have  thus  raised 
flood  water  drainage  standards  of 
flooding  by  mountain  torrents,  thus 
arid  municipal  construction  in. the 
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We  have  also  developed  education  among  the  broad 
masses  on  the  prevention  of  the  danger  from  mountain 
torrents.  Our  province  has  seen  a  marked  decrease  in 
sUch  calamities  as  the  landslides  and  the  collapse  of 
kilns  in  the  extensive  rural  areas  in  the  mountainous 
districts. 

Simultaneous  with  the  large  scale  development  of  wa¬ 
ter  conservancy  projects,  our  province  has  also  regis¬ 
tered  great  development  in, the  rural  areas  in  the  field 
of  hydroelectricity. 

In  1955  the  first  hydroelectric  power  station  in  our 
province  was  constructed— the  Mlng-chiang  Hydroelectric 
Power  "Station  at  Hung-tung.  Sine e  then  a  total  of  113 
hydroelectric  power  plants  have  been  constructed  in  the 
rural  areas  of  the  province,  with  a  total  generating  ca¬ 
pacity  of  2,449  kilowatts. 

We  have  also  built  200  power  stations  generating 
3,520  kilowatts.  There  are  13  hydroelectric  power  plants 
with  equipment  pf  a  capacity  of  more  than  40  kilowatts, 
and  they  include  those  of  Ituang-ling-shen-tang,  Ping- 
tlng-niang-tau-kuan,  Shan-yln-chen-tzu-liang,  and  Chih- 
hs iu-hung- shan . 

The  construction  of  these  electricity  plants  and  power 
stations  has  provided  cheap  electricity  and  power  for  the 
development  of  irrigation  at  high  altitudes,  flour  milling, 
'■  oil  pressing,  processing  operations  of  agricultural  side¬ 
line  undertakings,  lighting  for  the  rural  areas,  and  for 
local  industries  such  as  iron  smelting  and  timber  proces¬ 
sing. 

The  hydroelectric  plant  at  Shih-ts*un,  Hung-tung  Hslen, 
‘has  a  capacity  of  38  kilowatts.  Prom  September  to  the 
end  of  1958,  a  period  of  three  months,  the  plant  was  res¬ 
ponsible  for  the  ginning  of  700,000  chin  of  cotton  and  the 
milling  of  420,000  chin  of  flour. 

This  economized  13,675  man-days  and  2,615  head-days 
(of  animal  power).  The  income  and  the  savings  together 
totalled  21,800  yuan,  which  was  equal  to  124.5  percent  of 
the  total  investment  of  17,500  yuan  in  the  plant. 
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Because  the  investment  was 

o-f  the  developfflent  pf  eleqtr  101  y  y  ^  mahufac- 

llie  people  of;the  ,^o|e  hajen  Vhd'hi nery?,  pro- 

tured  their  “.own  electric  iy  S  tools  f6r  processing, 

duced  their  own.. J?r ^"/Srocurel  IhllV  W  *** 

saved  ■  their  own  c apl t al ,  an  P r :2f, t ed  37  hydroelectric 

plants^ geherat lng^l^5  g;^J^J^lona* 

afrea§i  •i’ 

1e  have  at.tai>;ed  such  ■at^touyiayt’iEpleiented 

ment  principally  because  «e  $°™"o  aiall  sited 

the  Policy  »f,  “^.f‘cMunea  underlie,  the  major 

SSpS J theW  objective,  and  glvlne 
priority  to  Power  before  electricity.-  . 

We  have  further  adopted 

v •  arid  waiklrig;  on  .ttfb.Xogs*  . -  ^  *  ;...\  v>:.v  :;.-y-v  "  5 . 

■:.•  As  the  result  of  the  ity  ^we^ave^discarded 

projects  for  generating  execUlcty^  ^e  t0 

theJsuperetivtipu_0  .yAewp04B^^haoh^attaon^  Jnatiy.e  elec- 

velectricityo  4e  ,caJv  _  .  amaii  'sized'  water  turbine3 

■**&**£  —* 


been  built  by  'children. 

During  the  past,  ten,  "Z- 

dies.  ,...-'  ■•;*  /'.  ;  . 

In  designing  .we  have  car r^.^^p^l^^sang-kan 

basins  for  16  a^Sr'  ^Zana-Ho  Ch*ln:  Ho,  Hsln-'shui  Ho, 
Ho,'  HU-t'o  Ho,  Ching-chang  Ho.,:  cn  in  no, 
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and  Su-shui  Ho.  The  area  covered  1 by' these  deslngs  totals 
135,000,  square  kilometers,  constituting  86  percent  of  the 
total  area  of  the  province.  ,  • ,  : 

Xn  surveying  and  cartography,  we  have  completed  topo¬ 
graphical  surveys  of  16,400  square  kilometers,  linear 
surveys  of  128,324  sauare  kilometers,  and  general  soil 
surveys ,  o f  18 i f  00  square  kilometers  of  the  scale  of  1/ 
1000,000. 

Regarding  the  investigation  of  underground  wat.®*\ 
sources i  before  1958  we  had  carried  .o,ut.  the  investigation 
and  surveying  of  water  sources  in  the  duxes  of  T  ai-yuan, 

SStSra  Wahthj  The  writ  Mj  6lven  effec  ve 
support  to  the  industrial  development  of  these  cities. 

We  have  also  achieved  many  results  in  geological  sur¬ 
veying,  soil  experimentation,  and  soil  analysis. 

Hydrological  observation  is  the  vanguard' of  water  0 bn* 
servancy  construction.  .  During  the  early  period 
liberation,  our  province  had  only  one  byUrological  s 
Today  the  province  has  constructed  68  Suationa  fo 
measurement  of  "aterflow,  311.  rain-Sau6e  stations,  and^_ 
slaht  stations  for  experiment  on  cross  currents.  Hydro 
logical  observation  stations  are  scattered  over  practic¬ 
ally  all  the  rivers  of  the  province. 

The  data  from  observations  and  analyses  made  by .. such 
stations  are  supplied  to  industrial  and  mining  enter-  ^ 
prises  and  cities  and  communications  enterprises  of  the 
province.  We  have  also  achieved  good  results  in  • th? 
utilization  of  these  observation  stations  for  h  ■ 
casting  of  floods  and  droughts.  They  have  played 
great  role  in  flood  prevention  and  drought  prevention  in 

the  province. 

During  the  past  ten  years,  through  our  practical 
forts  at6water  conservancy  construction, 
technical  levels  in  the  water  conservancy  field  in  our 
province  have  been  greatly  raised. 

We  have  also  many  achievements  in  this jo™®**™; 
SprovemeS  of  alkaline  land,  dam  construction  by  pourlns 
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earth.  ittto  the  water,  dam.  cbhstrhotiOtl  with  guided^  ex¬ 
plosions,  oxygen  Cxploslott, '  and  'the  Const ruction  of  re¬ 
servoirs  with^d  if f  ©rent  types' Sms i  *-»•  have.,  accumu¬ 
lated  rich ;  expert enc  ©a  in  .these  fields, 

.-In  constructing  the  :P0h  HO  Reservoir  we  us®a  the  method 
of -pouring' earth  into  the  water  and  suoaesafully  built 
an  earthen  flood  retention  dam  40  meuers^high.^  Jt  %$ 
one  of  the  tallest  dame  in  the  whole  world  o0JJ€w?°l* 
strueted  by  this  method.  The  experience  gained  will 
bofitr Ibut ®'  greatly  to.  designing  theory  :for  this.  daf  r 
construction  method.  ”.C  ^ 

"  in  ^fostering  technical  personnel,  during  the.  Pas Vten 
years,  the  state  has  reported  to  such  measures  as Jrftln-_ 
•ing  them .in  schools  and,  sending  cadres  for  advanced  studies. 
As  a  result  the  technical ! force  of- our  province  h^s  greatly 
expanded.  At  the  time ‘br  the  liberation  we  had  only  a  few 
more  than  40  technicians..  Today  there  are  already  750 
water  conservancy' technical  Cadrbs  of  a  medium,  .l^vel  and 
above  in  our  province.  /.In  addition  we  have  also,  trained 

ior.'thatt  50, 060  peasants  .as  .technloians  in 
yinoy  and  hydroelectric  pre>ieot3_ through  the 
of  training  course b  and  practical  ’stuaies  ao  the  work 
sites.  They  are  now  capable  of  taking  up  one ,or  more 
technical  tasks  connected  with  surveying,  prospecting, 

actual  work,  machine  operation,  and- electrical  operation. 
Through  the  expansion  and  consolidation  of  our  technical 
force!  and  through  the.  .Accumulation;  and  enrichment  of  wa 
ter  conservancy  knowledge , year  After,  year,  v* J  ^ave  At  P 
by  step  understood  and  mastered  the  objective  laws  of 


,  ■  .  .  GREAT  AC P OMPL I SHMENTS  IN  WATER 

■  CONSERVATION  •CONSTRUCTION -'IN  .  • 

HEILUNGKIANG  •  IN '  THE  PAST  'TEN'  YEARS 


[This  is  a  translation  of  an  article  written  by  LI  //.  . 
Chinch* eng,  Director  of  the  Ministry  of  Water  Conservancy1 
of  Heilungkiang  Province a  The  article  appears  in  Shui- 
11  Siiui-tleh  Chienrshep  No  18,  26  September  1959#  pages 
2>25# •  •  • :  ■■■■■•■ -v v..  - 

/Water /.conservation  construction  in  our  province  has 
registered  'brilliant  achievements  In  /the  various ,  fields  of 
fartaland  irrigation,  flood  prevention#  control  of  water¬ 
logging,  soil  per servation,  and  hydroelectric  power  de-  . 
velopment  in  rural  areas 0  This  is  the  result  of  teh.  ' .. 
years  of  development  with  three  hightides  in  the  course 
of  pro gr^S surreal i'aed  under  t-hV  correct  leadership  of  the 
Central  Committee , the  [Heilungkiang]  Provincial  Commit-tee 
of  the  Party,  ; and  the  Provincial  ..People 5s  Qounc  11 ;  with  ;  * 
rel lance  on  th,e  leadership  of  Party  and  government  organs 
at  different  levels;  and  through  the  joint  efforts  of  the 
people  of  the  whole  province, 

.  ,  During  the. past  ten  years,  we  completed  $00  million 
cubic  meters  of  earth  and  stone  work* .  Large  and  small  . 
water  conservation  projects  are  scattered  over  all  areas 
in,  the  province,  /These  projects  have  manifested  their  '  '. 
great  role  in  irrigation^  flood,  prevention,  control  pfr/ 
waterlogging,  and  resistance  against  drought..  /.♦ 

During  the  ten-year  period-  we  successfully  overcame 
three  droughts  and  four  floods.,,  The  .irrigated  area  Was 
increased,  by  800  percent V  and  -flood  and  drought  calami-; 
ties  were  reduced  to  a  marked  degree,.  ;  We  have  contlnu-  , 
ally  raisbd  the  volume  of  production  ahd  promoted  the  ’ 
rapid  development  of  agricultural  production*  /.',,/ 

In  the  field  of  farmland  irrigation,  we  have  constructed 
nearly  6 ,000  reservoirs  of,  medium  and  small  sizes  *  '...  We  have 
created  over  1,000/ irrigation  areas,  dug  pver  4j,500  kilo¬ 
meters  of  irrigation-  canals ,  constructed  oyer  .4 ,900  water¬ 
course  to  conduct  the  flow  of  water,  and  sunk  ovdr  150,000 
wells.  The  existing  irrigation  facilities  are  capable  of 


68 


irrigating  15,130*000  mou  of  paddy  fields  ana  dry  fields 
(this  year  only  10,670,000  mou  are  Irrigated  because  of 
drought  and  shortage  of  water  supply)#  This  is  eight 
times  the  irrigation  area  developed  during  the  40  years 
before  liberation#  This  area  of  paddy  fields  Is  four 
times  that  before  liberation. 

More  important  still  is  the  fact  that,  whereas  in  the 
past  only  a  small  number  of  peasants  of  Korean  nationality 
worked  paddy  fields,  tddky  paddy  fields  are  extended  all 
over  the  province  and  are  to  be  found  in  practically  every 
hsieri.  Even  in  the  Hei  Ho  area  north  of  48  degrees  north 
latitude i  where  the  Japanese  imperialists  had  in  the  past 
definitely  stated  paddy  fields  could  not  be  cultivated, 
such  fields  are  being  extensively  developed#  A  good 
foundation  .has  thus  been  laid  for  the  large  scale  deve- 
lopment  of  paddy  fields# 

Simultaneous  with  the  active  development  of  paddy 
field 3,  beginning  in  1956  we  exerted  all-out  efforts  in 
the  sinking  of  weils  for  the  catering  of’  fields.  After 
active  efforts  and  a  gigantic  struggle,  the  area  of  • 
watered  fields  in  the  province  has,  at  present,  reached 
7,340,000  mou# 

Production  increase  has  been  marked*  For  example,  in 
the  Big  Bumper  Harvest  Administrative  Area  of  the  Hsien- 
f eng  People ?s  Commune  in  An~ta  the  output  of  wheat  per 
mou  reached  303  chin  after  receiving  benefits  from  irri¬ 
gation,  The  output  :per  mou  from  areas  without  irrigation 
benefits  Is  only  70  chin# 

Production  increase  experiences  in  different  locali¬ 
ties  have  proved  that  the  irrigation  of  dry  fields  is  not 
only  a  basic  measure  to  resist  droughty  but  is  also  an 
important  means  of  production  increase#  There  are  innum¬ 
erable  instances  of  the  multiple  Increase  of  production 
as  the  result  of  timely  and  adequate  irrigationi 

During  the  years  1958  and  1959  our  province  suffered 
continuously  from  serious  drought*  Under  the  leadership 
of  the  Party  the  people  of  the  whole  province  mobilized 
.all  forces  which  could  be  mobilized, utilized  all  water 
sources  which  could  be  utilised s  and  developed  large  scale 
struggles  againts  drought#  ,, 
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In  1958  we  watered  and  irrigated  12  million  mou  of 
farmland,  and  in  1959  we  irrigated  more.  than  10  million 
mou'  -of  farmland1*'.  EVen  nnde’r .  tlie,  .c9nd.lt  Iona  of  more,  serious 
calamities  we  guaranteed'  the  realization  of  the  big  leap 
forward  of  agricultural  'produe t ion  fiiicrease:*:/ 

In  the  fields  of  improvement  of  low  lying  areas  and 
control  of  waterlogging,  during  the;  past  few.  years  the 
province;  newly’,  constructed,  expanded  or  restored  to  good 
repair  3,800  kilometers  of  trunk  and  branch; canals  for  the 
drainage  of  water*  We  ••djbnst'rncted'^pQre-  than  200  larger 
sized  culverts  and  other  structures*  We  also  carried  out 
large  volume  of  engineering  projects  in  the  building  Of 
reservoirs  and  dams  and  in  the  field  of  soil .preservation* 
To  varying  degrees ; damage  from  waterlogging  wee  reduced 
and  bumper ’harvests  secured  over  the  14  million  mou  of 
farmland  throughout,  the  province*  * 

In  Hai^lun  Helen i;  for  exampl e ,  several  hundred  thou¬ 
sand  mou  of  farmland  had  in  the  past-  suffered  from  a 
serious  calamity  in  a  heavy  'rainfall,  suffered  from  a  -: 
minor  calamity  in  a  small  rainfall,  and  experienced  water¬ 
logging  nine  years  out  of  ten. 

After  efforts  in  1958.  to  dredge,  a  ..network  of  water-¬ 
ways  and  to.  repair  reservoirs  on.  the  plains,  waterlogging 
was  basically' eliminated*  Since  June  of  this  year  the 
area  had  incessant  rainfall  $  but-,  because  a  good  Job  was 
dene  in  the  control  of  waterlogging,  the  crops  grew; luxuri¬ 
antly,  and  there  was  a  scene  of  a  bumper  harvest. 

In  Shih-^a**li  Tleh-tzp  in  .Wu-chang  Hsien,  waterlogging 
^ occurred  every  ydar,  production  volume  was  low^  and  the 
masses  lived ; in  -poverty «  1 ; Before  1957,  the  state  had  to 
subsidize -the  area  with  from  800  to  900  tons  of  food-  . 
grain  each  year*;-  In  1958,  water  conservation  projects 
were  developed  with  vigor,  and  the  low  lying  land  was 
converted  into  paddy  fields.  Immediate  results  were. re¬ 
ported,  and  a  bumper  harvest  was  achieved  the  same  year. 

Not  only  was  state  relief  no  more  needed,  but  the  district 
also  sold  to  the  state  230  tons  of  it's  surplus  grain. 

Similar  instances  have  been  numerous..  During  these 
past  years,  we  have  had  more  successful  experiences  in  our 
fight  against  waterlogging.  .  They  include;  the  repairs  to 


reservoirs  on  the  plains,.  the  dredging  of  networks  of 
watercourses,  and  the  conversion  of  low  lying  land  into 
paddy  field »  We  have  lafd  the  good  foundation  for  our 
future  efforts  in  the  improvement  of  low  lying  land  and 
the  control  of  waterlooging. 

In  the  field  of  flood  control  and  prevention,  during 
the  past,  ten  years  the  state  and  the  masses  put  up  large 
amounts  of  manpower,  ulAterial  resources and  financial 
resources .  Along  the ,  72  principal  rivers  of  the.,  whple  . 
province,  we  have  restored  and  newly  constructed  dikes  to 
the  total  length  of  &«%,  than  4 *300  kilometers.  We  . 
successfully  fought  fgaihsi  four  fxoods,  in  1951,  .195>* 

1956  and  1957  respectively*  The  fxood  in  1957  was  the 
biggest  since  -hydrological  records  were  kept*  ^But -we 
finally  overcame  this  especially  large  f-.ood,  ohahkS  to  , 
the  leadership  of  the  Central  Committee  and  the  Provincial 
Committee  [of  the  Party],  the  all-out  support  from  fraternal 
provinces  and  municipalities,  and  the  hard  struggle  put 
up  by  the  people  of  the  .whole  province 0 

We  safeguarded  the  extensive  farmland  in  urban  and  . 
rural  areas  and  the  life  and  prp'rty  of  the  masses  of  the 
people,  and  we  achieved  a  great  victory  in  the  struggle 
for  the  prevention  of  the  flood*  It  was  a  brilliant  page 
in  the  history  of  our  province*  The  broad  masses  of  the 
people  expressed  unbounded  gratitude  to  the  Party  ana  the 
government* 

We.  may  here  review  the  flood  of  1932,  under  the. rule 
of  the  enemy  and  the  puppet  regime.  At  that  t-me  the  water 
level  was  lower  than  that  of  1957®  The  whole  area  of 
Harbin  was  inundated*  All  along  the  river  there  was  an 
expanse  of  water*  Huge  losses  were  created*  In  the^area 
above  Hanbin  alone,  11,500,000  mou  of  ^n“ 

undated,  tens  of  thousands  of  people  lost.  .hex-  lives, 
and  hundreds  of  thousands  were  made  destitute* 

Thinking  of  the  past  and  looking  at  the  present,  we 
may  further  understand  the  great  historical  slgnit lcance 
of  the  people’s  victory  over  the  flood  under  the  leader¬ 
ship  of  the  Party* 

In  addition,  during  the  past  few  years  we  have  also 
made  great  achievements  in  soil  preservation,  the  deve 
lopment  of  hydro-electric  it y  In  rural  areas,  and  in  the 
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■promotion  of  meteorological  and  hydrological  activities. 
?Thess- have  played  a  great  role  in  the  development  of  in¬ 
dustrial  'and  agricultural  production  in  the  rural  areas, 
in  the  improvement  of  the  people's  livelihood,  and  in  the 
enlivening  of  cultural  activities  in  the  rural  areas. 

Special. mention  may  he  made  of  the  fact  that  simultan¬ 
eous  with. all-out  efforts  at  the  development  of  small 
sized  ..water  conservation  projects  we  have  also  started 
preparations  for./the  harnessing  'of  the  ;large  rivers.  By 
now  we  have  basi&aily  completed  designs  for. whole  basins 
for  the  watercourses  of  the  Sung-hua  Ghlshg  [Sungari],  the 
Blu-leng  Ho s  and  the  I.a-lin  Ho,  We  have  started  the  plan-' 
ning  of  the  immediate  projects  [connected tj/ith  these  de¬ 
signs]*'  Work  . has  startedVion  .the  fS,lhQ -Soviet  Joint  Com¬ 
prehensive  Survey  of  the  Heildngkiang, : ;  '.w*. 

Work  now  carried,  out  on  the  ia-lin  Ho  will  be  included 
in  the  first-stage'';prpjee'ts  for  the  harnessing  of  the 
Sung-hua  Chiang,  The  Lung-feng  Shan  Reservoir  in  the 
basin  will  be  basically  completed  before  National  Day, 

Work  will  soon  start  on  the  Tao-shan  Reservoir  and  the 
Lan-kang' Hydro-electric  Power  Stations  Preparations  are 
under  way  for  the  immediate  commencement  of  work  on  the 
Ta-lai  Reservoir  on  the  Nun  Chiang*.  When  these  various 
projects  are  brought  into  full  operation,  we  shall  fur¬ 
ther  transform  the  situation  of  suffering  from  water  into 
that  of  benefiting  from  water  and  create  good  fortune  for 
the  people  of  the  whole  province. 

Generally  speaking,  just  as  In  the  cases  of  other  so¬ 
cialist  construction  enterprises  in  the  rural  areas  in 
our  province,  water  conservation  construction  in  the 
province  has  gone  through  an  abnormal  ten-year  period. 

The  actual  conditions  show  that  the  ten-year  period 
achieved  more  than  one  hundred  years  had  in  the  past;  and, 
in  each  of  the  [tenjyears,  we  did  better  than  what  was  done 
in  ten  years  in  the  past  0 

The  water  conservation  projects  we  completed .during 
these  ten  years  were  several  times— and  even  scores. ...of 
times— those  completed  in  the  thousands  of  years  of  pre,- 
vious  history.  And  furthermore,  since  1958,  the  volume 
of  earth  and  stone  work  completed  in  less  than  two  years 
has  constituted  90  percent  of  the  total  work  volume  of 
the  past  ten  years  and  more,  while  the  increased  area  of 
Irrigated  land  was  nearly  three -fourths  of  all  such  in¬ 
creases* 
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This  fully  shows  that  water  conservation  construction 
in  our  province  has  pr|i|dipali|;  realized  its  unprecedeiitSd 
development  under  the  ^imuiatloh  of  the  big  leap  forward, 
being  spurred  on  by  the  ?iotfsmeht  for  the  building  of  peo¬ 
ple’s  communes «  Thus,  trie  gigantic  achievements  in  water 
conservation  constructioh  have  been  the  great  victories  of 
the  general  line,  the  big  leap  forward,  and  the  people's 
communes.  Tracing  it  to  the  root,  they  are  victories  of 
the  leadership  of  the  Party*  , 

Since  the  big  leap  forward  we  have  registered  great 
achievements  both  in  the  speed  and  the  scope  of  water 
conservation  construction*  But  more  important  still,  we 
have  found  the  correct  policies  and  measures  in  water  con¬ 
servation  construction,  steeled  our  caderes  and  the  masses, 
and  expanded  the  force  engaged  in  water  conservation  work# 

During  the  past  ten  years  we  cultivated  more  than 
100,000  peasants  into  technical  personnel  and  workers 
through  training  and  actual  practice*  We  have  thus  ini¬ 
tially  solved  the  difficulty  of  lack  of  technical  forces 
for  water  conservation  construction# 

During  these  years  our  basic  experiences  in  achieving 
the  big  leap  forward  in  water  conservation  construction 
are  as  follows: 

(1)  We  must  strengthen  the  leadership  of  the  Party  and 
persist  in  letting  politics  assume  command*  .  We  must  rely 
on  the  leadership  of  the  Party,  strengthen  political  and 
Ideological  work,  tightly  grasp  the  weapon  of  the  general 
line,  and  continually  overcome  rightist  thinking. 

In  our  concrete  work  we  must  fully  develop  our  Initia¬ 
tive  and  at  the  same  time  evaluate  objective  possibili¬ 
ties*  We  must  fully  develop  the  revolutionary  activism 
of  the  broad  masses  and  continue  to  exert  the  utmost 
effort  to  press  forward  vigorously. 

(2)  We  must  thoroughly  Implement  the  mass  line  and  de¬ 
velop  strenuously  the  mass  movement*  The  close  combina¬ 
tion  of  leadership,  the  masses,  and  techniques  constitutes 
an  important  work  method  in  the  promotion  of  the  water 
conservation  movement#  This  calls  for  "the  leadership  to 
penetrate  the  ranks,  the  cadres  to  take  the  lead  and  es¬ 
tablish  themselves  as  models,  and  the  summarization  of 


experiences. "  We  must  also  be  adept  at  taking  a  free 
hand  in  the  organization  of  the  masses;  in  the  develop¬ 
ment  of  blooming.,  contending  and  Rebating;,  in  the  con-, 
.vocation.,  of  on-the-spot  conferences. for  the  interchange' 
of  experiences;  jfcn  the.  organization  of  comparisons  and: 
competitions;- and  in  taking  a  tight’ grip. on- the  two  ends 
in  order  to.,  lead;  the  middle  forces.  .  Thes.0;  measures  will 
mutually  promote  and  mutually  elevate  different  forces*. 

We  must  further  Stress  the  need  to  publish  our  techniques 
and  to  mobilize  the  masses  to  discuss  them  so  that  all 
techniques  are  provided  with  an  extensive  .popular  b&se. 

Generally  speaking,  the.  all-out  development  of  the  -  ^ 

mass  movement imust  be  combined  with  the  strengthening -of-:, 
t echniaal .  management .  The  moblization  of  the  masses  with- 
a  free  hand  inUst  be  combined  with  the  conducting  of  ex^ 
perlments  for  tall  measures.  Sky-rocketing  zeal  must  be 
combined  with  scientific* ’techniques*  Developing  produc-  • 
t ion  must  be  combined  wjtjv.  improving  living  conditions. 
Labor  must  be  combined ,  with  .^leisure...  All  these  ..are  im¬ 
portant  factory  for  the.  proper  /development  of  water  con¬ 
servation  construction,  . 

(3)  The  overall  and  correct  implementation  of  the 
"three  major"  policy  is  the  fixed  and  unshakable  policy 
in  water  conservation  construction  in  the  future.  . In  the ' 
all-out  development  of  water  conservation  construction  in  ! 
the  future,  we  must  thoroughly  implement  the.  principles  of 
local  expediency,  comprehensive  harnessing,  and  compre¬ 
hensive  utilization. 

,  'We  must -thoroughly  practice  the  method  of  "walking  on-  • 
two  legs; "  that  is.  to  say,  we  must  rely  on  the  strength 
of  -  the  masses,  and  the  communes  and  combine  this  strength 
with  appropriate  help  from  the. state.  We  must -combine 
large  projects  with  medium  and  small  projects?  we  must 
combine  measures  for  conservation:  with  measures  for  drain¬ 
age;.  we  must  combine  measures  for  unearthing  of  existing 
engineering  potentials  with,  measures  for  new  engineering 
projects;  we  must  combine  permanent  projects  with  tempor¬ 
ary  projects;  we  must  combine  the  utilization  of  water 
above  the  ground  with  the  utilization  of  water  under¬ 
ground;  and  we  must  combine  native  methods  with  .foreign 
methods* 


(4)  We  must  fully  Implement  the  policy  of  achieving 
quantity,  speed,  quality,  and  economy  in  water  conserva¬ 
tion  construction,  J.ust  as  in  other  Items  of  capital  con¬ 
struction,  a  long  range  view  must  be  taken  in  the  develop¬ 
ment  of  water  conservation  projects*  Quality  must  come 
first.  The  guiding  principle  must  consist  of  the  over¬ 
all  Implementation  of  the  policy  of  achieving  quantity, 
speed,  quality  and  economy. 

It  is  not  correct  merely  to  seek  quantity  and  speed 
to  the  neglect  of  quality  and  economy.  Nor  it  is  correct 
merely  to  seek  Quality  and  economy  to  the  neglect  of 
quantity  and  Speed.  Such  thinking  and  methods  place  ex¬ 
cessive  emphasis  oh  one  side  and  overlook  the  other  side. 

Accordingly,  in  our  actual  work  we  must  stress  both 
consolidation  and  development,  both  quantity  and  quality, 
and  both  construction  and  management  and  maintenance.  We 
must  particularly  implement  the  principle  of  "dealing  with 
projects  to  last  a  hundred  years  where  quality  is  the 
first  consideration,11  in  the  handling  of  the  medium  and 
large  projects  and  the  larger  reservoirs.  ' 

We  must  strictly  observe  the  procedure  laid  down  in 
plans  and  in  technical  work  rules.  We  must  persist  In  ■ 
the  system  of  inspection  and  examination  before  delivery. 

We  must  carry  out  water  conservation  construction  with  the 
guaranteeing  of  both  quality  and  quantity. 

During  the  past  ten  years,  our  achievements  in  water 
conservation  construction  have  been  gigantic.  Of  course, 
because  of  our  lack  of  experience  and  the  inadequacy  of 
our  technical  force,  we  faced  unavoidable  defects  and  pro¬ 
blems  in  the  course  of  our  actual  work.  For  example,  some 
local  plans  set  forth  targets  which  were  excessively  high 
and  the  quality  of  some  engineering  projects  were  a  little 
inferior.  These  are  problems  in  the  midst  of  progress. 

The  comparison  of  these  problems  to  the  achievements  in 
water  conservation  construction  is  merely  like  the  com¬ 
parison  of  ten  fingers  to  one  finger. 

.  nevertheless ,  we  have  adopted  the  attitude  of  seeking 
actively  the  correction  of  these  problems.  Some  have  been 
corrected;  some  are  being  corrected;  and,  in  the  future,  all 
will  surely  be  corrected. 
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^  However*,  th«  province  had  in  the  past  a  weak  foundation 
in  water-  conservation,  and,  the  area  under  irrigation  was 
small*  ;  The  'harnessing  of  .the  large  rivers'  has  only  Just 
started,  and  the  rich  water  resourced'  of 'the -province:  are 
hot  yet  fully  ^utili^ed*.  The  existing  water  conservancy 
measures  are  from  adequate  to  mull if f  the'  threats  presented 
to  agricultural  production  by  floods  arid  -droughts* 

Nor  are.  they '.adequate  to  cope  with  the’  demands  of  the 
overfall  development  in ,  agriculture ,  -forestry $'•:  animal 
husbandry,  aid aline  production,  and'fishihg’followingithe 
communalization  of  the  province*  In  a  wcrdp  we  have  noto 
yet  'negotiated  the  hurdle* 

It  •  is-  •therefore  nec  ess  ary  that  we  grasp  the  present:  . 
opportunity^,  and  continue  b\Vr  efforts  to !  bring  about  an 
even  greater,  upsurge  in  tfater  cohservahcy  construction  / 
during  -the  ■  current  winter  and  the  coming  Spring*  This:  -  .- 
is  the: demand  of  the^blg:  ieap'  forward'  In  agricultural  pro¬ 
duction*.  -It  is  the  aspiration  of  the'  broad  masses:  of  the 
people,—  -  : V  ' .'. ■; •  ’ '• 

•\  The  present  situatiob .  IS- .mbat  -favorable  to  our  efforts 
to  vigorously  develop  water  dbhservationi  The  .resolu- ;  .*. 
tion  of  the  Eighth  Plenum  of  the  Eighth  Central  Committee 
of  the  Party  and  the  general  line  have  roused  the  fighting 
.  spirit  of  -  -the  people  of  the  whole .  country*  —  \*  »  ■  ■■■  :■ 

« •-n-.New:  upsurges  ih;  th©7.  moVement.  for  product  Ion -  increase, 
and- construction! .enterprises,  have  emerged  in  larga.  num^ 
•;berS  f  v After 7the. nvef hauling ;  and  consolidation.;  of 2  the 
people* s  communes,  the  activism  of  thA  ■ masses  for  produc¬ 
tion  has  risen  higher,  and  their  power  for  the  conquest 
of  nature  and  the;  achievement , pf  greater  bumper  harvests 
in  agriculture  has  grown  larger'  and  larger*-.  Their  .enthu- 
•  s iasm  f o.r  the  vigorous  '.development  of  -water  ‘conseriVat ion 
projects  has  grown  "stronger  and  stronger*  ;  -All  these  are 
-favorable  factors  for  a  .new  upsurge  Ih  water  conservation 
construction  in  our  '.province,*;''  ;  :  •  —.r; 

,  :  All  we  have  to  do  is,  to  strengthen  'the  leadership  ;of 
the  Party;  develop  vigorously  the  mass  movement;,  properly 
—summarize  and  popularize  .the  experiences  in  water  conser¬ 
vation  construction; and .  earnestly  implement  the  .policies 
of  the  combination  of  the  large,  medium,  and  small  prpr 
jects  and  of  "major  attention  to  the  three  key  problems. 
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In  accordance  with  the  conditions  relating  to  manpower, 
material  resources,  and  financial  resources  in  our 
Vince,  we  must  at  the  moment  pay  major  attention  to  medium 
and  small  water  conservation  pro jects,  actively  prep  r 
for  large  projects,  and  implement  thoroughly  the  policy  of 
walking  on  two  legs  * 

It  is,  therefore,  Mbt  only  necessary  but  aJ-s0  ®J^rely 
nossible  for  us  to  br*iEg  about  a  new  upsurge  in  water 
conservation  construction  during; the  oomlng  winter  and 
next  spring.  ? 

The  nreliminarv  arrangement s  for  water  conservation 
construction  during  the  ooming  winter  and  nextspr  ng  are 

as  follows:  In  the  whole  province  ^irrigated  area  is  to 

be  increased  by  between  10  M||i ion jndo|  mill lott^mou. 

This  calls  for  ths  oomplstlon  of  aboiit  300  million  cubic 
maters  of  earth  and  stone  work,  a  very  gloriouli  and  diffl* 
cult  task.  This  is  the  continued  leap  forward  in  water 
conservation  construct ion o 

In  order  to  victoriously  fulfill  this  mission,  we 
must  penetratingly  study-;  and  Implement  thespiritof  th 
Eighth  Plenum  of  the  Eighth  Central  Committee  of 
Party.  Through  this  we  shall  overcome  rightist  feelings. 

We  shall  continue  to  exert  the  fabor 

vigorously  the  mass  movement,  and  rationally  deploy  iaoo 

power*'  \.v 

We  shall  organize  specialized  work  forces.  We  shall 

nrcanize  socialist  cooperation  and  mutual  support 

Ser  the  priSilia  ofnutual  assistance  a,*  mutual. ben.- 
witii  the  sharinR  of  rational  responsibilities* 
shall  grasp  tightly  the  measures  for surveying  and  Plan¬ 
ning  and  for  the  preparation  of  material  supplies. 

Bhall  undertake  vigorously  the  reform  J^atl ons 

shall,  especiallly,  undertake  properly 
for  work  to  be  started  in  the  winter^  With  all  these 
measures  we  shall  greet  the  greater  new  upsurge  of  water 
conservation  construction  during  the  coming  winter  and 
.  next ,  spring.  .  .  . ....  '  V  • .  . 


77 


EXPANSION  OF  EARTH  DAM  TECHNIQUES 
IN  CHINA  DURING-  THE  LAST  TEN  XEARS 


[This  /is  an  excerpt  of  .ah  article  prepared  by  KU  Chin¬ 
ch*  en,  appearing  in  Shui-ii  Sfaui-tien  Chlen^ehe,  Nq  -LS,-.-  ; 
26  September  1959 »  pages  .3.2 ,  ,33,  and  41,] 


During  "the  past" ten  years,  and  ■part  icularly  with  the 
big  leap  forward  of  1953 »  earth  dam  Construct  ion  tech** 
niquea  in  opr.  country  saw  great  developiient-  along,  vrifh 
the  leaping  progress  in  water  conservancy "and  hydroelectric 
construction*  Major  earth  dams  constructed  or  under,  con- 
....s^rUction  include  the  following: 


Shlhrnian-t;,an,  Pan-chiaoj  Pal-sha,  Po-shan,  Nan-wan," 
Euan- t'lngj.  Ta-huo -fang,  the  dams  on  the  two  banks  of 
Tan-chiang-k’ou,  and  , the; , Or  ad  e-  I  [dams]  at  1-11  Ho#  Mi-.. 
,.yun»  Kang-nan,  and  Che-lin.  Medium  and  small  dams  ;ooh- 
structed  in  different  localities  number  tens,  of  thousands. 


With  the  accumulation  of  experience  in  dam  aonstrucr 
tion,  the  height  of  searth  . dams,  has  Increased  annually. 
The  work  volume  has  increased  annually©  Larger  earth  ‘ ; 
dams  constructed  before  1955  are  shown  in  the  following 
.....t§ble  with  their  heights  and  the  volume  Of  engineering;,,, 


works. 


Engineering  Project  T4ype  of  dam  Height *•  Engineering 

(meters )"  -.work  Volume. 

.  ,  , .  (unit  10,000 

'  . . . .  . * . . * . . pubic  meters) 

V".  V  ;  iv-..--  . . 

.  . . . .  ■»  "  ■  •  . — . * . . —  ■-  "  . .  .  . 


Shih-man-t*an  Reservoir 

earth  dam 

25 

80 

Pan-chiao  Reservoir"  - 

-earth -dam 

2.7 ' 

480 

Pai-sha  Reservoir 

earth"  dam 

47  -i 

500- 

Po-ehan  Reservoir^ 

earth  dam"'* 

'r  -  40  " 

250 

i  , 

••  * 

v  .  •*  -  -  ; 

78 

Vv.o« 

.V"  .**>»’ 

Table  continued— 


Nan-wan  Reservoir 


earth  dam  35 


Kuan-t *ing  Reservoir  eat*th  dam  45 


The  heights  and  engineering  work  volumes , of  larger 
earth  dams  constructed  from  1955  thru. 1958  are  given  in  , 
the  following  table: 


Engineering ’ 
Project 


of  1  Height 
dam  .  (meters) 


Ta-huo-fang  Reservoir  earth  dam  48 
Shlh-san-ling  Reservoir  "  ,  "  30 


Ming- shah  Reservoir 


it  « 


32.5 


Engineering  work 
Volume  (10,000 
cubic  meters ) 


The  heights  and  engineering  work  volumes  °Linrfn  the 
sized  earth  dams  now  under  construction  are  given  in  .the 
following  table: 


Engineering  Project 

Kang-nan  Reservoir 

I-li  Ho  Hydro-Electric 
Power  Station 

Sung-tao  Reservoir 


Engineering  work 
Type  of  Height  volume.  (10,000 

dam  (meters)  cubic  meters) 


earth  dam  59 


80.5 


1,000 


Table  -continued— 


Tan-chiang-k r  ou 

Reservoir '  < two  ;  -  . ‘  ; 

banks.)  ; ;  sar|b  dam 

Che-1 in  Reservoir  ” 

Mi-yutt  Reservoir  " 

Chang-shu-kang  Reservoir  11 

||  || 

Wang-kruai  Reservoir 
'TUflg-feng  Reservoir  * •  ”  • 
Ching-ho  Reservoir.  " 

Chao-ping  Reservoir .  ”  " 


2,000 


700 

•••-  640 


.  -  Under,  planning  are  the  Ou  chiang  earth  dam,  135. 
meters  high  with  an  engineering  work  volmue  of  20  mil¬ 
lion  cubic" meters  and-  the  Sha-ehien-tzu  dam  .of  .mixed ...» 
earth  and  stone,  120  meters  high.  With  an  engineering  . 
work  volume  of  10  million  cubic,  meters* 

With  the  improvement  of  dam' construction  techniques, 
the  method  of  dam  building  has  also  undergone_ reform. 
Since  1957,  the  method  of  pouring  earth  intothe  wate^ 
has  been  used  in  the  construction  Of  many  earth  dams* 

Up  to’  the  present,  51  earth  dams  of  a  height  of  15  meters 
and  above,  and  32  earth  dams  of  a  height  of  25  meters 
and  above  have  been  constructed  by  this  method* 

.  Successful  'experiments  have  also  been  carried  ..out,  .In 

the  use  of  the  method  of  guided  explosion  in  dam  con¬ 
struction*  The  mixed  earth  and  stone  dam  at  Tung-ts  un- 
k*ou  in  Hopeh  has  been  constructed  with  the  use  of  this 

method* 

.Major  earth  dam  pro jects  using  the  method  of  pouring 
earth  into  the  water  (either  complet ed_or^under  con-r'- 
8 true t ipn ) f , are  given.  i.n  the  following  _ table f  * ■  r  ,  . 
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Work  volume 

Type  Height  (10,000 

Engineering  project  of  dam  (meters)  cubic  meters) 


Huang- pi-chuang  Reservoir 

earth 

dam 

24 

400 

Pen  Ho  Reservoir 

»* 

it 

60 

450 

Hsi-ying  Reservoir4 

II 

II 

44 

500 

Yueh-ch*eng  Reservoir4 

.  « 

II 

37 

1,000 

Kuan  Ho  Reservoir 

n 

II 

32.9 

135 

Dams  constructed  or  planned  with  the  Use  of  the 
guided  explosion  method  are  given  in  the  following  tables 


. . .  Work  volume 

Engineering  Type  of  Height  (10,000 

project  dam  (meters)  cubic  meters) 


Tung-s  *un-k  *ou  mixed 

Reservoir  earth 

and  stone  29  10 

Shuang-chiang-  mixed 
k'ou  Reservoir  earth  and 

stone  ,  14  2.4 

Ma-chin-tung  mixed 

Reservoir  earth  and  stone  42  30 


In  1957,  In  the  construction  of  the  large  embankment 
of  the  Huai  Ho  at  Shou  Hsien,  the  method  of  dam  cons¬ 
truction  with  hydraulic  power  was  carried  out  as  an 
experiment.  The  results  were  very  good  and  much  data 
were  acquired.  In  the  construction  of  the  .  Ta— lai  earth 
dam  in  Heilungkiang  and  the  Ta-shan  earth  dam  in  Kirin, 
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the  hydraulic  method  will  be  used;  and  designing  work 
is  now  being,  carried  out*  .  ,For  the  Chu  Ho  earth  dam  in 
Shansi,  a  combination  ot;;Jbe-;hydraulio  a 

nmirina-earth- into- the  water  methods  is  .being.  .n8Sa  A 
previous  experiment  on  this  obmblhed  method  has  been 

successful «  •  r-  i  ••  v? ; ! ' "f-  -V  ■  • 

During  the  past  ten, years,  the,  designing 'and  W0r*Lo/,„ 

techniques  fov ...  earth  dams  in  our,  •.{  pnalt ic ITekp^i- 

.  ally  improved  through  actual.. practice*  .  Practical^ exp 

ence  iii  technique  has  been  summed  uj)  ;and, raised _  to  the 
-  level  of  scientific  theory.  The  theony.haa  In  turn  been 

used  to  guide  practice.  ...This,  is  of ^elec- 
in  the  development  of  water  conservation  and  hydro  elec 

trip  ;construotlon-  in  our  country.  . 

we  describe  hereunder  certain  developments  in.  our 
country  l»  th?  ioBi^ios  of  earth  dans  art  In  .work  tech- 

■hiqUjeS.  V-  «  fas  ,j,: 


I.  Selection  of  Construct ion  Materials  and  Selection 
of  Dam  Sites  •  ;  i  rm  -i-'.Z-y:.  \:V-V 

.  During'  the  eahly  atage^f  /th*  .tdWias^i  ouh  state 
the  earth  dams  constructed  used  mostly  clay 
.  quaint;  Examples  f9^ 

uSa?W  uae.^1  n^rShd  S’e^-WerU  aXd  has  the 

.  adteantage^of.  slmplfoity  in^construction  and^management. 

But  the-. resistance  power  oi  clay  is,  lower  apd  1<he 
bility  of.  the  slopes  is  inferior.  v 

.  .  In  some  areas  the  clay .  has  a,  high  ^ter  content  and 
its  stickiness  cannot  be  easily  smashed*  .  IJ.  rolling 

processes  are  not  carried  to  ^  leading 

finfiness  or  if  the  slopes  are  too  steep1 — thus  1® aa ing 

“  So  loan  of  the  clay-fissurea  may  STf^aSretalat 
dam;  or  the  top  of  the  dam  may  shrink  and  . 

result.  . . •  • 

Moreover.,  work  with  clay  la  difficult  In  areas  with 
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constructed  with  sand  and  gravel  substances.  Only  when 
supplies  of  sand  and  gravel  were. lacking  at  the  dam  sites 
would  clay  of  even  quality  be  used*  ; 

In  some  dam  sites  where  sand  and  gravel  were  lacking, 
but  where  conditions  were  permitted  the  use  of  stone 
materials,  construction  was  carried  out  with  mixed  earth 
and  stone*  With  the  core  Wall  constructed  with  clay  of 
even  quality  and  the  outer  layers  constructed  with  pebbles. 
This  technique  has  been  adopted  for  many  medium  sized 
dams  in  Honan  and  tfifangtUng.  The  method  will  be  used  in 
the  recently  planned  Sha-chien-tzu  damv 

Some  areas  have  constructed  dams  with  clay  having  a 
large  gravel  content  (the  gravel  content  reaching  up  to 
80  percent ).  Such  earth  has  been  produced  from  silt 
accumulated  oh  slopes  and  from  floods;  it  does  not  lump 
and  is  easier  to  acquire  and  to  use  lh  construction*  It 
is  also  less  affected  by  rain;  its  resistance  power  IS 
higher;  and  steeper  slopes  may  therefore  be  constructed* 

Such  earth  is  used  for  construction  in  the  earth  dam 
0f  j-li  Ho.  The  same  earth  has  been  used  for  the  core 
wall,  but  pebbles  larger  than  six  millimeters  must  be 
removed  so  that  the  sticky  components  will  be  more  than 
15  percent.  Also,  the  gravel  content  is  restricted  to 
less  than  50  percent.  These  measures  guarantee  the  core 
wall’s  resistance  against  leakage. 

In  recent  construction  of  earth  dams  the  clay  sloping 
wall  dam  has  been  mostly  adopted.  The  construction  of 
the  clay  slope  does  not  interfere  with  the  construction  of 
the  gravel  core  of  the  dam.  In  the  rainy  season,  con¬ 
struction  of  the  gravel  portion  can  be  suspended  and  rush 
efforts  made  in  the  dry  season. 

In  the  case  of  the  I~li  Ho  earth  dam  it  waa  necessary 
to  carry  out  the  construction  of  the  dam  simultaneously 

with  the  conservation  of  water.  If  the,3i°Jlns"]!J1Li?J® 
were  adopted  a  long  period  would  be  needed  for  the 
of  the  dam  foundations  at  the  upper  reaches  of  the  river 
and  water  construction  could  not  be  carried  out.  The  _ 
clay  slope  of  the  dam  at  the  base  of  the  dam  must  be  very 

strong,  and  its  construction  cannot  be  quickly 

Water  conservation  would,  therefore,  be  further  affected. 
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Furthermorethe  aliuvl\^  a.t  the  ba3e  o'f.thedam  at  the 
upper  reaches  Was  more  than  50  *I?e?,ee.nt  .Ipwer  .than  the 
alluvium  at  the  base  of  the  core  wail,  and  niuch  addi¬ 
tional  •  work  on  concrete  piling  wottld  have  been  required. 

The  core-wall  type  was  therefore  adopted,  /.  , 

At  the  base  of  the  lower  reaches  of  the  alp pe,  ..there 
. was' >  added  a  temporary  slope  of  a  very  t'hin  layer  of  play 
over  a  distance  of  40  meters.  This  enabled  construction 
and  water  conservat idn  to,  be  undertaken  simultaneously • 

Earth  dam  construction  techniques  are  developing  in 
the  direction  of  simplification  of  construction  work* 
high  ;speed ,  use  of  limited  equipment , . reduction  of  labor 
power  to  the  minimum,  and  reduction  of  construction  costs* 

■  .  In  the  rolling,  type  pf.  dam  .  [cbhstrUqt  ion )  ■  a  ^uniform  kind 
of  earth  with :  gravel  pebbles  should,  be  need  .as, ;^uch  as 
possible,-,  Construction  work  -using  such  material  does  not 
Suffer  much  from  the .  effects  of  -rain  and  resistance  power 
is  .strong,  •  Large  sized  rolling  machines  (40  to  $0  tons ) 
should  i>e.  used*  ./' ;  ...  .  *.  ;  • 

The  rolling  operation  is. shortened,  progress  is  rapid, 
and  the  dryness  of  ;the  earth  can  be . increased. to  a  V®**y 
great  extent.  Thus  the  resistance  power  of  the  earth  is 
raised  and  -the  dam  slope  may  be  as  steep  as  possible, 
greatly  reduo ing  the  wprk  volume, ,  •  " ..  " .  "  '  v  .  . 

Pebbles  which  contain  only  small  portion,  of  sticky 
grains  and  dust  may  have  smaller  leakage  coefficients  after 
rolling  by  large  machines  and  it  may  be  possible  tP  dis¬ 
pense  with  the  use  of  an  anti**leakage  oore  wall  or  slope 
•wall,  ^7  .  ....  ... 

If  the. anti-leakage. wall  is  needed,  we. may  as  far  as 
possible  adopt  the  narrow  core  wall  or  thin  slope,  wall. 

In  the  use  of,  the  slope  wall  especially  ,  this .  is  desi¬ 
rable  since  construction  wprk  is  subject  to  less  Inter¬ 
ference,  .  .  •  .  ..  ; 

■ .  At  a  dam  site  lacking  pebble  supplies  we  may /adopt  the 
mixed,  earth  and  stone  dam  with  a  core  wall  of  a  p2.as.tic 
.  type  constructed  with  cobblestones.  Such  4  .dam'  can  have 
a  very  steep  slope  and  great  economy*  can  be  effected. 


Vs  Ins  local,  building  supplies  this  type  was  adopted 
In  recent  years,  by  various  countries  In  the  construction 
of  dams  of  more  than  100  meters  high.  - 

The  method  of  guided  explosion  in  dam  construction  has 
an  extensive  future.  The  hse  of  “explosive  energy"  for 
the  placing  of  stone  materials  into  position  replaces 
transportation.  Tile  use  bf  “piling  energy"  replaces 
..polling  operations 4  thus  rid  df  heavy  physical 

exertion;.  The  proper  ^iudy  and  improvement  of  explosion 
techniques  and  anti-leakage  Measures  will  pronto te  a 
gpeat  development  of  the  method  of  guided  explosion  in 
dam  construction. 

The  hydraulic  method  of  dani  construction  simplifies 
the  transportation  of  supplies  and  eliminates  the  work  of 
transportation  over  the  top  of  the  dam  and  rolling,; 

The  utilisation  of  water  power  to  separate  the  coarse  and 
fine  grains  of  earth  for  placement  in  the  outer  slopes 
and  the  cor©  wall  respectively  provides  a  rational  dam 
surface  and  at  the  same  time  relievos  people  of  heavy 
physical  exertion.  This  type  of  dam  construction  method 
has  an  extensive  future  on  the  rivers  of  the  plains. 

At  present  it  cannot  be  universally  popularized  be¬ 
cause  we  lack  power  dredgers  and  mud  transmission  steel 
pipes.  But ,  the  construction  of  dams  with  the  use  of 
semi -hydraulic  power  does  not  call  for  very  elaborate 
equipment.  It  likewise  eliminates  transport  and  rolling 
operations  on  the  top  of  the  dam,  and  properly  sepa¬ 
rates  coarse  and  fine  grains.  This  method  is  worth  po¬ 
pularizing  today. 

Our  country  has  an  extensive  area.  We  have  innumer¬ 
able  medium  and  small  water  conservation  and  hydroelectric 
engineering  projects.  The  dam  construction  method  of 
pouring  water  into  the  earth  is  suited  to  medium  and  small 
engineering  projects  utilizing  mass  labor.  Though  it 
calls  for  an  extensive  labor  force,  it  uses  little  equip¬ 
ment  and  is  easily  accepted  by  the  masses.  It  is  also  a 
dam  construction  method  capable  of  future  development. 

Water  retention  cisterns  are  still  good  anti-leakage 
structures  for  use  at  the  bases  of  dams  where  alluvium 
is. not  very  deep.  If  the  alluvium  is  too  deep,  we  may 
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use  a  water  retention  wall  constructed  of  continuous 
ooncrete  pillars  or  a  concrete  water  retention  wall 
which  is  rectangular  in  shape.  The  piling  of  a  con¬ 
crete  screen  is  an  even  better  method. 

But  our  research  effbrts  in  the  future  should  be  directed 
toward  the  improvement  of  drilling  and  piling  techniques 
so  that  the  walls  will  not  collapse,  the  number  of  steel 
pipes  will  be  reduced,  and  speed  will  be  accelerated. 

The  great  Chinese  Communist  Party  and  the  superior 
socialist  system  have  bestowed  perfect  conditions  on  the 
people  of  the  whole  country  for  the  full  development  of 
work  activism  and  creativeness,  and,  at  the  same  time* 
opened  an  extensive  future  for  the  water  conservation  and 
hydroelectric  enterprises  of  our  country.  Through  con- 
tinous  practice  and  the  summing  up  of  experiences,  our 
dam  construction  techniques  will  be  continually  improved. 

In  step  with  the  leap  forward  of  the  whole  national  eco¬ 
nomy,  water  conservation  and  hydroelectric  construction 
in  our  country  will  march  toward  the  stage  of  new  de¬ 
velopment. 


This  publication  was  prepared  under  contract  to  the 
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